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use of 

ne dia- N THE FINAL analysis it is long personal familiarity 

i | with, and a critical discriminating attitude to- 

al life ward, a wealth of clinical material that add a 

Salicdl y modicum of authoritative information to the sum of 

ed_— | our knowledge of a given disease. Lack of opportunity 
to fulfill these requirements probably accounts for the 
fact that very little has been added to our knowledge 
of acromegaly since the comprehensive work of 

Clin. Cushing and Davidoff (1-5) was published nearly 15 
years ago. Although many of their conclusions were 

bial hypothetical at the time, they have since been sub- 

ae 4 | Stantiated in the light of newer knowledge concerning 

‘ther | the pituitary gland. Their analysis included 100 veri- 

ormal | fied cases, a truly sizeable series considering the 

n the rarity of the disease. Up to 1938, Atkinson (6, 7, 8), 
after diligent search of the literature and with the aid 
of the British Consular Service all over the world, had 





been able to uncover only 1606 cases of acromegaly 
which he tabulated in a unique monograph. Approxi- 
mately 55 additional cases which were reported dur- 
ing the past 4 years have brought the total to 166r. 
Autopsies have bzen performed in less than one-fourth 
of these. At the University of California Hospital, 
Over a 5-year period from 1937-1941, 12 cases have 
been so diagnosed among 35,757 entries, or in inci- 
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dence of 1 in 3000. This figure is rather different from 
that reported by the Boston City Hospital for a 6-year 
period from 1930 to 1935, during which time the 
diagnosis of acromegaly was made in 14 cases among 
210,094 entries, or an incidence of 1 in 15,000. 

This bizarre malady is not only rare but it is also 
impressive in its manifestations, protean in its symp- 
tomatology, and kaleidoscopic in its involvement of 
more tissues and organs than almost any other disease. 
The onset is likely to be insidious; the course usually 
is chronic and of long duration and is marked by 
successive waves of remissions and exacerbations. 
These characteristics combine to render difficult the 
clear evaluation of the findings in a single case and, 
even more so, of the efficacy of any specific form of 
treatment. One dare not theorize or draw sweeping 
conclusions from one or two cases. Even the post- 
mortem observations may be misleading unless a cor- 
relation has been established between them and the 
clinical status at the time of death. 

In this paper we are reporting the cases of four 
acromegalics whom we have had the opportunity to 
follow for an extended period of time and in whom 
autopsies were performed. Three are from the Out- 
Patient Department of the University of California 
Hospital and one is from the Out-Patient Department 
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of the Hospital for Women and Children. A review 
of the histories leaves us dissatisfied with the thera- 
peutic results achieved and convinces us that, in dis- 
tinction from the neurological aspects, the more 
pervasive endocrinological derangements of this dis- 
ease are not receiving the attention they deserve. It 
seems to us desirable, therefore, to record the course 
of the disease in these four patients and to discuss 
what might have been accomplished by earlier and 
more vigorous therapy. 


CASE REPORTS 


Case 1 (U. C. H. No. 1707). Progressive acromeg- 
aly of 17 years’ duration in a man, treated by pitui- 
tary irradiation in inadequate amounts. Subtotal 
hypophysectomy, urged in the early stages of the dis- 
ease to prevent further deformity and the possible 
development of diabetes mellitus, was refused. Dia- 
betes mellitus developed 6 months prior to death 
which occurred at age 37 from gas and oxygen anes- 
thesia preparatory to resection of a pilonidal cyst. 
An enlarged thymus was found at autopsy. 


A 23-year-old unmarried student mechanic presented 
himself at the Out-Patient Department of the University 
of California Hospital on Dec. 17, 1923, with a complaint 
of severe frontal headache of 6 months’ duration. For at 
least 3 years he had noticed gradual coarsening of his 
features, protrusion of the lower jaw, increasing spacing 
of his teeth with attendant difficulty in chewing and 
gradual enlargement of his hands both in thickness and in 
width. He had no visual disturbances except transient 
diplopia on removing his glasses. He perspired profusely 
but had no night sweats. He had no polyuria or poly- 
dipsia; however, he complained of a sense of fullness in 
the epigastrium and of chronic constipation. A stereo- 
roentgenograph of the skull which had been taken several 
months previously showed enlargement of the sella turcica 
in all diameters and slight thinning of the posterior 
clinoids. The patient had received 12 roentgen-ray treat- 
ments to the pituitary, the last one 2 weeks before he pre- 
sented himself, but his headache had, as yet, not been 
alleviated. 

The only significant factor in the family history was 
that the patient’s mother was said to have died of liver 
disease, diabetes and hypertension. The patient was born 
in Siberia. In addition to the usual childhood diseases he 
had typhus fever at the age of 16 and a Neisserian infec- 
tion at the age of 20. Also, during his 20th year a hernio- 
plasty was done on the left side. One year later the re- 
sultant hypertrophied scar was excised and a tonsillectomy 
was done.\ These apparently irrelevant operations are 
significant in view of the nature of the patient’s death 
during anesthesia 17 years later. 

Physical examination revealed a short, stocky, muscular, 
swarthy and hirsute young man, (fig. 1, D and 1, F), with 
coarse features, large, heavy zygomatic processes, pro- 
troducing lower jaw and widely spaced teeth (fig. 1, C.) 
The height was 65.5 in. (166.5 cm.), the weight 164 lb. 
74.5 kg.) and the blood pressure 110 mm. Hg systolic and 
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64 diastolic. In contrast to the muscular development, the 
lack of strength was striking. Other noteworthy findings 
were moderate anterior cervical lymphadenopathy, an 
extensive birthmark on the left thigh, and typically spade- 
like hands with marked hypotonicity of the fingers. Of 
importance also was the fact that the eyegrounds and 
visual fields appeared normal. 

Roentgenograms of the skull showed a large, globular 
sella turcica, markedly hypertrophied mandible, slightly 
hypertrophied maxilla, enlarged antra, and prominent 
glabella without thickening of the cranial bones. The blood 
Wassermann reaction was negative; the B.M:R. was —5.9 
per cent. The urine showed a specific gravity of 1.020; it 
contained no albumin or sugar and was normal micro- 
scopically. 

Because the patient had recently received roentgen- 
ray therapy, treatment was confined to administration of 
desiccated thyroid substance, in doses of 1 grain 2 times 
daily, and reduction of caloric intake. In April, 1924, 4 
months later, the headaches were still unrelieved but he 
had lost 11 lb. in weight (5 kg.) and the hands and fingers 
were less puffy. We then lost coutact with him for 4 
years. He again reported on May 21, 1928, stating that 
although the headaches had disappeared, prognathism 
and dental spacing were increasing, his eyesight had be- 
come impaired and he was troubled with backache. Upon 
examination the vision in the right eye was 20/20; in the 
left, 20/30. The fundi of both eyes revealed physiological 
cupping and slight temporal pallor. The visual fields 
were slightly flattened in the upper and outer quadrants. 
The B.M.R. was —g.3 per cent. Blood cholesterol was 
216 mg. per cent. The glucose tolerance curve showed 
fasting blood sugar expressed in mg. per cent of 93; % hr., 
126; 1 hr., 178; 2 hr., 169; the urine showed 1 + sugar in 
the 2-hr. specimen. Because of the suggestive blood-sugar 
curve, the patient was referred to the diabetic clinic for 
dietary control. 

Despite this attempt at control, when the patient was 
seen one year later (May, 1929) the weight had increased 
to 206 lb. (93.6 kg.), a gain of 42 lb. over a 5-year period. 
The lower jaw protruded .5 in. anterior to the upper 
and showed increased spacing of the teeth. The hands 
and feet had become broader. He claimed that libido had 
increased markedly but that he had indulged in intercourse 
only once in 8 years because of ‘fear of venereal infection.’ 
The visual acuity had decreased (20/40 in the right eye 
and 20/70 in the left eye.) The fundi appeared unchanged 
but the visual fields, especially the left, showed definite 
restriction (fig. 2, A). Because of the beginning impair 
ment of vision, sellar decompression was strongly con- 
sidered. However, pituitary irradiation was given, 11° 
stead, with the understanding that if no improvement re- 
sulted surgical intervention would be urged. After only 
4 roentgen-ray treatments (approximately 625 r to each 
side!) the patient failed to return. 

When the patient again reported in October, 1931, 2. 
yt. later, the weight and blood pressure were the same as 
before. Prognathism and spacing of teeth had increas::d 
but the size of the feet had remained unchanged. The back- 
ache which he had had for 7 years persisted. A roentgeno- 


1 For full details of roentgen-ray dosage see Addenda, synopsis 
of roentgen-ray therapy, case 1. 
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gram of the spine taken in 1926 had shown that the articu- 
lar facets of the lumbar region were somewhat irregular 
and that the joint spaces were not clear. In a film taken 
at this time the appearance of both sacro-iliac joints was 
irregular and suggested continuous growth rather than 


Fig. 1. PROGRESSION OF ACROMEGALIC STIGMATA 
OVER 1'7 YEARS; case 1. A, at 16 years of age, before 
onset. B, at 20 years, showing first evidence of slight 
coarsening of features. C, age, 23 years, when first 
seen. Note deepening of forehead and nasolabial 
folds, thickening of end of nose, spacing of teeth and 
broadening of wrist and fingers. 

Dand F, age 23. Eand G, age 37, note broadening 
and deepening of chest, hirsutism, further heaviness 
and coarsening of features and increased prognath- 
ism. Gain of 40 lb. in weight. Characteristic cervico- 
dorsal kyphosis is absent. 


arthritic changes. The patient himself called attention to 
the progressive sternal bulging which necessitated the 
purchase of increasingly larger coats. He was still suf- 
fering from excessive perspiration and experienced drench- 
ing night sweats. Asthenia had been progressive. Lateral 
vision was somewhat limited, especially on the right, but 
he had no diplopia or photophobia. Although partial 
bilateral optic atrophy was noted, the visual fields had 
not changed appreciably since 1929 and the process in the 
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eyes was considered as stationary. No disturbance of 
taste or smell could be elicited. The urine contained no 
sugar. The blood revealed a secondary anemia (Hb. 70%, 
R.B.C. 3,320,000, W.B.C. 6,600, with polymorphonuclear 
leucocytes 63%, lymphocytes 28%, monocytes 5%, 


transitionals 2% and eosinophiles 3%). The roentgenolo- 
gist described the films of the skull (fig. 3) as follows: 


The cranium proper is within normal limits as to size and shape. 
The sella turcica is deformed by an upward displacement and 
tilting of the anterior clinoid processes, a posterior displacement 
of the posterior processes and dorsum sellae, and a depression 
of the floor to a level below that of the sphenoidal sinus. The 
frontal sinus is large and the cranium anterior to it is thickened 
and protuberant. The mandible is enlarged throughout. The 
vertical portion is so long that dental occlusion is impossible and 





480 


the horizontal ramus projects forward so that the lower incisors 
are considerably anterior to the upper. The latter are obliquely 
placed apparently in an attempt to reach forward to the lower 
incisors. The structure of the bone of the mandible and alveolar 
portion of the maxilla is slightly coarser than normal. A crude 
estimate of the volume of space occupied by the sella turcica is 
about 3 to 4 times greater than normal. 


Repeated assays of the urine during the preceding 2 
years for the presence of anterior pituitary growth hor- 
mone were carried out in the laboratory of Dr. Herbert 
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January, 1937, to the proctology clinic because he had a 
tender, painful swelling at the end of the spine which 
proved to be an infected pilonidal cyst. From comparison 
of the photographs taken in 1924 and those taken in 19:7 
(fig. 1, D, 1, E, 1, F, and 1 G), it was obvious that the 
characteristic acromegalic stigmata had progressed m.- 
terially during the intervening years although no not. 
worthy change had occurred in the visual fields (fig. 2, B). 
Urinalysis disclosed glycosuria for the first time and the 
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Fig. 2. PertmeTRIc CHARTS OF case 1. A, age, 29 yt. Note slight flattening of upper outer quadrants. 
B, age, 37 yr., shortly before death. Practically no change occurred in 8 years. 


M. Evans? and had been negative. By this time it was 
apparent that symptomatically and objectively the endo- 
crinopathy had progressed steadily although the headache 
had disappeared and visual impairment had become sta- 
tionary. The patient was warned that more serious com- 
plications, notably diabetes, might develop and was urged 
to submit to a partial hypophysectomy. Since he refused, 
additional pituitary irradiation was given, a total of 2100 r 
in 1931 and 3600 r in 1934. 

After an absence of 2.5 years, the patient reported in 
2 Institute of Experimental Biology, University of California, 
Berkeley. 


fasting blood sugar was 329 mg. per cent. Polydipsia and 
polyuria had been present for about 3 months. The last 
glucose tolerance test, performed in November, 1933, had 
shown the following results expressed in mg. per cent: 
fasting blood sugar, 102; % hr., 101; 1 hr., 145; and 2 hr. 
168. B.M.R. was +11 per cent. Roentgenograms of t!ie 
skull showed almost no change in 6 years. Roentgen 
grams of the hands showed increased arthritic changes it 
the margins of the phalangeal joints. Tufting was secn 
laterally, but not on the palmar or dorsal aspects. An 
osteochondroma hai developed on the inner aspect of 
the upper end of the right tibia. Since an attempt to con- 
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trol the diabetes while the patient was ambulatory proved 
unsuccessful, he was admitted to the hospital on April 13, 
1939. Laboratory studies made at that time showed blood 
serum calcium, 10.2 mg. per cent, blood serum phosphorus, 
5.33 mg. per cent; plasma cholesterol, 264.0 mg. per cent. 
The glucose tolerance test was interpreted as indicating a 
high renal threshold for glucose; the readings in mg. per 
cert were as follows: fasting blood sugar, 215; at % hr., 
263; 1 hr., 330; 2 hr., 348; 3 hr., 330; 4 hr., 308; 5 hr., 230 
and 6 hr., 286. All urine specimens were negative for sugar 
save the 2 and 3-hr. specimens which gave an olive reduc- 
tion to Benedict’s solution. When the patient left the 
hospital, for personal reasons, on April 19, the urine was 
sugar-free. The diet consisted of carbohydrate, 150 gm.; 





protein, go gm.; and fat, 100 gm. The insulin dose, was 
30-020 U. 

The patient re-entered the hospital on April 23, 1937, 
anc was placed on a preoperative diabetic regime. The 
urine and blood analyses at this time were normal. The 
heart measured 15 cm. to the left in the fifth interspace. 
The heart sounds were of fair quality. Blood pressure in 
mm. Hg was 110 systolic, 80 diastolic and pulse rate, 56. 
On April 26 the patient was taken to surgery for excision 
of the pilonidal cyst. Gas and oxygen anesthesia was be- 
gun at 3:20 p.m. The patient was asleep within 3 minutes. 
Before the incision was made he suddenly stopped breath- 
ing. Artificial respiration, adrenalin and caffein adminis- 
tered hypodermically and metrazol intravenously were of 
no avail. 


Autopsy 


Because this death apparently resulted from the anes- 
thesia, the necropsy was performed by Dr. Jesse Carr of 
the Coroner’s Office on April 26, 1937. 

Gross findings. The skull showed marked occipital 
thickening. The brain evidenced generalized softening. 
The hypophysis, which was about the size of an English 
walnut, was smooth, gray and homogeneous with a few 
areas of degeneration. It lay on the optic chiasm. The le‘: 
side of the sella turcica was eroded but the right side was 
intact. The dependent portion of the gland showed a 
large degenerating mass of tissue which made it impossible 
to remove the gland intact. The lungs were edematous 
and partially collapsed. The heart weighed 451 gm. 
(normal 350 gm.) and was normal except for moderately 
sclerotic vessels. It did not show the petechiae of respira- 
tory failure. The liver was reddish-brown and congested. 
The spleen and pancreas were congested. The stomach 
was normal. The kidneys were normal except for slight 
congestion. Both adrenals were long, somewhat flattened 
and appeared enlarged. The prostate and bladder were 
normal. The thyroid was not palpable. The thymus was 
approximately 4 times normal size. 

Microscopic findings. The heart muscle was edematous 








but otherwise normal. The lungs showed diffuse edema 
but no consolidation. The liver presented the appearance 
of cloudy swelling and some congestion. The spleen and 
kidneys were moderately congested. The cortical zones of 
the adrenals were clearly marked and showed deposits of 
lipoid throughout. One cortical adenoma about 2 mm. in 
diameter was seen. The medulla was definitely thickened 
and hyperplastic. The pituitary was increased in size 
because of the presence of an adenomatous overgrowth 
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characterized by an extremely dense cellular background 
of eosinophilic cells (fig. 4, A). Neither fibrosis nor inter- 
acinar lymphocytes (which are so often found in thyroid 
glands that have been treated by roentgen-ray) were seen. 
The thymus appeared normal although some of Hassall’s 
corpuscles were unusually large. Unfortunately the ap- 
pearance of the thyroid, pancreas and testicles was 
unreported. 

The pathological diagnoses were eosinophilic adenoma 
of the pituitary with acromegaly; acute pulmonary edema; 





Fig. 3. ROoENTGENOGRAM OF SKULL OF case I. Note large sella 
turcica with depression of floor and displacement of clinoids; 
large sinuses; marked prognathism and malocclusion. 


congestion of viscera; pilonidal cyst; thymic hyperplasia; 
and hyperplasia of the adrenals with cortical adenomata. 


Summary 


This, then, is the record of an acromegalic who died 
at the age of 37 years, in the 17th year of the disease. 
The presenting complaint was headache which failed 
to yield to the roentgen-ray therapy of that day 
(1924). The final disappearance of the cephalalgia 
after about a year may be attributed to spontaneous 
decompression of the tumor through erosion of the 
floor of the sella turcica. The course of the disease was 
characterized by steady progression of the endocrine 
manifestations despite roentgen-ray therapy (which 
had consisted of an unknown amount during 1923 and 
1924 and of about 7200 r between the years 1929 and 
1934). Visual impairment was slowly progressive 
until 1929 but was held in check thereafter. 

A noteworthy observation in this case is the late 
onset of diabetes which appeared only 6 months 
prior to death. An individual with active acromegaly 
apparently always is a potential diabetic. The patient 
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died a thymic death as a result of the induction of 
gas and oxygen anesthesia for excision of an infected 
pilonidal cyst. At autopsy an enlarged thymus was 
found. We might speculate whether the enlargement 
of the thymus was the result of its failure to involute 
or whether regeneration and hypertrophy of thymic 
tissue had been stimulated by the increased produc- 
tion of growth hormone from the hyperplastic eosino- 
philic adenoma of the pituitary. The fact that prior 
to the onset of the disease the patient had undergone 





Fig. 4, A. EosrnopHitic ADENOMA OF HypoPHysis of Case 1. Note highly cellular structure and absence 


of fibrosis despite pituitary irradiation. X90. B. 


two surgical operations without untoward reactions 
would be an argument in favor of the latter hy- 
pothesis. The adrenals also were hyperplastic and 
showed minute cortical adenomata. The microscopic 
picture of the eosinophilic adenoma of the pituitary 
was more important for what it failed to show than 
what it showed. The appearance was that of an 
exceedingly active adenoma composed of eosinophilic 
cells but without the slightest evidence of fibrosis or 
interacinar lymphocytes which might have been ex- 
pected as a result of irradiation. Thus, we are forced 
to the conclusion, from both clinical and pathological 
evidence, that the roentgen-ray therapy given in this 
case was woefully inadequate. One wonders whether 
this patient would have been spared much of the 
acromegalic disfigurement, the complication of dia- 
betes mellitus and the thymic death if he had agreed 
to submit to subtotal hypophysectomy fairly early in 
the course of his disease. 

Case 2 (U. C. H. No. 87776). Progressive, out- 
spoken acromegaly in a man, 25 years in duration, 
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Tuymus. Note unusually large Hassall’s corpuscle. 
X90. The thymus was 3 to 4 times larger than normal for a man 377 years of age. 
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with a remarkable degree of visceromegaly but wth. 
out evidence of diabetes mellitus or of increased in«ra- 
cranial pressure. Exitus at the age of 45 was duc to 
degeneration of the anterior pituitary adenoma, puru- 
lent sphenoiditis and terminal bronchopneumonia. 


The patient, a 31-year-old unmarried truck driver, tirst 
entered the University of California Hospital on June 6, 
1922, because of facial and skeletal changes, impairment 
of hearing and inability to breathe through his nose. His 
family history was irrelevant. His past history was not 








remarkable. He had sustained two broken ribs at the age 
of 13, which had left him with a permanent deformity of 
the chest, and a broken nose at the age of 16. He had had 
scarlet fever in childhood and typhoid fever at the age of 
29. 
The present illness began at the age of 19 when the 
patient noted a sudden and rapid increase in height and 
weight and found that he required increasingly larger 
hats and gloves (fig. 5, B). His hands became so large that 
they began to annoy and handicap-him in his work. His 
feet did not grow as rapidly. During the intervening 11 
years he had gained 111 lb. (from 145 lb. to 256 lb.). He 
had noted drowsiness for 3 to 4 years and difficulty in 
chewing due to increasing prognathism with consequent 
malocclusion for 2 or 3 years. Libido and potentia had 
not been impaired. He complained of difficulty in breath 
ing through his nose, of dyspnea on exertion, but he had 
no palpitation or edema. He had an excellent appetite and 
a special fondness for carbohydrates. Constipation and 
an occasional “gas attack were his only gastrointestinal 
complaints. Shortly before admission he experienced in 
creased frequency of micturition without polydipsia. 
Perspiration was profuse. He had had right frontal hcad- 
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aches of a sharp, shooting nature for about a year but no 
visual disturbances, vertigo, dizziness, convulsions or 
paralysis. When he held his right forearm and hand in the 
horizontal position, paresthesia occurred which could, 
however, be relieved immediately by dropping the arm. 
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and showed considerable acne. There were seborrheic 
warts on the shoulders. The nose was extremely large, 
the skin and subcutaneous tissues were thickened and the 
naso-labial folds were striking. The nasal septum deviated 
to the right so that much of the breathing space was 





Fig. 5. Case 2. A, B, C, ages 16, 20, and 26 years, respectively. D, age 31 when first seen in clinic. E, F, age 
39 years. G, age, 45 years; after death. Note progressive deepening of forehead and nasolabial folds, progressive 
enlargement of nose, frontal bosses and molar eminences; increasing prognathism. 


His most recent complaint, of one month’s duration, 
was impairment of hearing. 

The patient was large and obese. He had a protruding, 
deformed chest, slight dorsal kyphosis, a prominent ab- 
domen and long arms. The hands were so immense that 
he could not obtain sufficiently large gloves (fig. 6, A.) 
The height was 74 in. (188.0 cm.) and weight was 243 lb. 
(110.4 kg.). The head was large and showed prominent 
frontal bosses and a deeply furrowed brow. The lower 
jaw was protuberant and massive. The hair on the head was 
thick and coarse while that of the eyebrows was thin and 
sparse especially in the lateral halves. The skin was coarse 


occluded. The pharynx was edematous and injected; the 
tonsils were hypertrophied and infected. The gums were 
boggy and retracted and the teeth showed evidence of — 
much dental work. The tongue was large and meaty. 
The ears appeared normal; however, the patient could not 
hear the tick of a watch beyond the distance of 3 or 4 cm. 
on either side (normal distance about 9 cm.). The chest 
was normal except for the bulging of the left anterior 
wall. The abdomen was normal. The heart was not en- 
larged; the blood pressure was 120 and 65 mm. Hg. 
systolic and diastolic, respectively. The genitalia were 
normal. The extremities, however, were remarkable. The 
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hands were large, wide and thick with broad, stubby 
fingers and brittle, furrowed finger nails. The circum- 
ference of the metacarpophalangeal joints were 27.5 cm. 
and the length from wrist to the tip of the middle finger 
was 22 cm. The feet were broad and flat but were not as 
abnormal as the hands. 
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R.B.C. 4,640,000, W.B.C. 15,600 with polymorpho- 
nuclear leucocytes 72 per cent, lymphocytes 24 per cent, 
transitional 2 per cent eosinophiles o per cent and ba:o- 
philes 2 per cent. The blood Wassermann reaction was 
negative. Roentgenograms of the skull (fig. 8) showed a 
thickened calvarium, a prognathic jaw, prominent cc- 





Fig. 6. Case 2. A and B, age 31 years, when first seen. A, note huge paw-like hands and wide, thick feet and 
toes. B, note increased anterior-posterior diameter of chest with overgrowth of sternum and cervicodorsal 
kyphosis. C, age 45 years, at autopsy. 


Neurological examination revealed the following posi- 
tive findings: partial anosmia, probably due to local causes; 
hyperesthesia of the left eye brow to touch and pain; 
slight impairment of taste of the anterior two-thirds of 
the tongue; and slightly hyperemic fundi with somewhat 
enlarged veins. The discs were small and pale and the 
nasal margins were hazy. Visual acuity was 20/30; the 
visual fields showed slight encroachment in both temporal 
regions (fig. 7). 

The laboratory data were as follows. The urine was 
acid, had a specific gravity of 1.030 and showed a trace 
of albumin but no sugar; the sediment showed a few red 
blood cells, white blood cells and an occasional granular 
cast. The blood count was as follows: Hb. 75 per cent, 





cipital protuberance, and very large sinuses. The sclla 
turcica was markedly enlarged in all diameters, suggest- 
ing the presence of an intrasellar tumor. Roentgenograms 
of the chest revealed scoliosis of the dorsal spine and con- 
siderable deformity of the bony thorax but no cardio 
megaly. 

The diagnosis of acromegaly was obvious. The neuro 
surgeons thought that the degree of visual impairment 
was not sufficient to warrant surgical intervention. There- 
fore the patient was discharged from the hospital with the 
advice to have the nasal septum straightened and to report 
to the Out-Patient Department for further observation. 

In July, 1923, about 1 year later, the patient weighed 
260 Ib., a gain of 17 lb. He complained of being tired and 
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drowsy. B.M.R. was +9.6 per cent. Pituitary irradiation 
was given in two exposures to each side.* During 1924 he 
complained of increasing drowsiness. He had no poly- 
dipsia, polyuria or polyphagia. The urine contained no 
glucose but showed a heavy trace of albumin and numer- 
ous hyaline and granular casts. Phenolsulfophthalein test 
showed an output of 25 per cent at the end of the first 
hour, of 20 per cent at the end of the second hour and a 
tot: | of 45 per cent in 2 hours. The visual fields had not 
changed nor had the papillitis progressed since the first 
exarnination. Roentgenogram of the skull showed the sella 
to he very large with irregular borders and some distor- 
tion of the anterior and posterior clinoids. The pineal 
gland was calcified. 

From 1924 to 1929 the patient was seen frequently. 
No changes were observed other than an increase in the 
acromegalic appearance and marked narrowing of the 
auditory canal from bony exostoses. B.M.R. was —7.4 
per cent. The glucose tolerance test gave the following 
readings in mg. %: fasting blood sugar, 108; % hr., 
121: 1 hr., 118; and 2 hr., 81. In July, 1927, pituitary ir- 
radiation was again recommended but was not given. In 
December, 1929, assays of blood and urine for the pres- 
ence of anterior pituitary growth hormone and prolan 
were made in the laboratory of Dr. Herbert M. Evans. 
The results were negative. 

When the patient was seen for the last time in Novem- 
ber, 1930, the acromegalic changes were definitely more 
pronounced than previously (fig. 5, E and 5, F). Since he 
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Fig. 7. Case 2, Pertmetric cHART. Note minimal nar- 
rowing of fields of vision in upper outer quadrants. 


had no headache, diabetes or progression of visual im- 
pairment, no further therapy was given. 

We heard nothing more of this patient until we were 
informed of his death in July 1936. Shortly before death 
intractable headache had developed. The private physi- 
cian who was called on July 24 found the patient in an 
exceedingly restless state; however, his pulse and tem- 
perature were not remarkable. Immediate hospitalization 
was ordered. The patient died on arrival at St. Joseph’s 
Hospital less than 2 hours later. 


‘For details of roentgen-ray dosage see Addenda, synopsis of 
toentyen-ray therapy, case 2. 
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Autopsy 


The autopsy was performed by Dr. C. E. Smith and 
Dr. Dale Barbour at St. Joseph’s Hospital on July 25, 1936. 
Gross findings. The body was that of a middle-aged 
white male with advanced acromegalic changes (fig. 6 C). 





Fig. 8. RoENTGENOGRAM OF SKULL OF case 2. Note prognathism, 
huge sinuses and large sella turcica with irregular borders and 
distortion of the clinoid processes, 


The head was large with prominent supraorbital ridges 
and thick, furrowed scalp. The hair appeared to grow in 
rows due to this furrowing. It was short clipped, sparse 
in amount and coarse in texture. The nose was large and 
broad at the alae. The eyes were deep set. The facies 
were leonine. The mouth was ptotic and, together with 
the tongue, was drawn to the right. The lips were thick; 
the mouth was huge, the tongue was large with coarse 
papillae. The teeth showed many fillings and some spac- 
ing. The jaw was heavy and prognathous. The ears ap- 
peared to lie posterior to their normal position. The neck 
was short with deep transverse folds of skin anteriorly. 
The thorax was immense. The chest was barrel-shaped 
and distorted by a bony prominence at the left of the 
sternum. Considerable deformity of the ribs was evident. 
The abdomen was distended, tympanitic and showed a 
protruding umbilicus. The genitals appeared normal; no 
testicular atrophy was seen. The arms were abnormally 
long but not correspondingly muscular. Over the tro- 
chanteric region was seen a subcutaneous, lipomatous, 
dome-shaped mass which measured 7 cm. in diameter. A 
similar but smaller mass was inferior to it. The legs were 
well proportioned. The feet were very large; the palmar 
pads were so thick that the toes could not possibly have 
touched the floor. 

The scalp was 9 mm. thick and lay in deep longitudinal 
folds. The cranial vault was thickened and the frontal 
sinuses were extensive. There was much subarachnoid 
edema over the frontal lobes and many recent friable fine 
adhesions were distributed over the middle fossa. The 
sella turcica was about 3 times normal size and appeared 
to be the seat of acute inflammation. The dorsum sellae 
was pushed backward and was so thin that it could be 
bent. The anterior and posterior clinoids were short. The 
floor of the sella was eroded in two places. The optic 
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chiasm was very wide. The pituitary gland was unrecog- 
nizable; it consisted of a shapeless mass of necrotic tumor 
or abscess. The sphenoid sinus contained much greenish- 
white purulent material. On the floor of the skull were 
many exostoses, especially over the anterior and middle 
fossae where plates of bone protruded into the temporal 
sulci. The crista Galli was very prominent. The brain 
weighed 1500 gm. (normal 1360 gm.) The pia arachnoid 
just behind the optic chiasm under the third ventricle was 
thickened. Sections through this region showed some 
petechial hemorrhages into the thalamus and small cystic 
cavities in the lenticular nuclei. The largest of these was 
not more than 2 mm. in diameter. Petechial hemorrhages, 
probably agonal, extended along the brain stem into the 
medulla. The third ventricle was somewhat dilated, al- 
though the lateral ventricles were collapsed, and the aque- 
duct was patent. The blood vessels appeared normal. 

The thorax was well clothed. The ribs were widened, 
thickened and distorted. The heart was greatly enlarged; 
it weighed 620 gm. (normal 350 gm.). The ventricular 
walls were considerably hypertrophied, the left measuring 
11 mm. and the right 4 mm. The right atrium contained a 
huge pedunculated thrombus which subtotally occluded 
the tricuspid orifice and was attached to the valve and 
chordae tendinae. The left atrium was normal. The coro- 
nary vessels were prominent and sclerotic. Atheromatous 
deposit was seen in the atrial surface of the mitral valve 
and in the aorta just above the aortic valve. The endo- 
cardium seemed to be somewhat thickened and opaque. 
No valvular lesions or areas of myocardial softening were 
seen. The pleura was smooth, moist and glistening. The 
left lung showed extensive bronchopneumonia throughout 
the lower lobe. Firm areas of consolidation were found in 
the right lower and the middle lobes. The mediastinal 
and tracheo-bronchial nodes were enlarged and anthra- 
cotic. Remnants of thymic tissue were seen in the superior 
mediastinum. The thyroid was enlarged, weighing 90 gm. 
(normal 45 gm.). It contained more colloid than normal 
and a few small colloid-containing areas were distinctly 
encapsulated. Two parathyroids were identified. 

The stomach and intestines were greatly distended 
with gas. The peritoneum was smooth, moist and glisten- 
ing. No free fluid was seen. The appendix was normal. 
The spleen was greatly enlarged and congested. It was 
septic in type. The capsule was dull and thickened in 
places over apparent infarcts. The pulp was soft and easily 
scraped away with a knife. The liver was enormous, ex- 
tending over a hand’s breadth below the costal margin. It 
weighed 6200 gm. (the largest liver previously recorded 
weighed 5900 gm. and normal weight is given as 1500 
gm.). The cut surface showed passive congestion with 
nutmeg appearance. On the inferior surface of the left 
lobe was a sharply demarcated lighter area which ex- 
tended into the substance of the liver. The gall bladder 
contained thin, bloody bile. Its lining appeared acutely in- 
flamed and hemorrhagic. The pancreas showed advanced 
postmortem softening. The adrenals were enlarged; one 
contained an adenomatous area about 8 mm. in diameter. 
The right kidney was about two times normal size; it 
weighed 460 gm. (normal 300 gm.). The capsule stripped 
easily, leaving a surface flea-bitten in appearance. The cut 
surface showed marked swelling. The cortex was thick- 
ened and the pyramids were deeply congested. The pelvis 
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showed many petechial hemorrhages. The left kidney way 


similar; it weighed 450 gm. The ureters and bladder were 
normal. The testes were soft but of normal size. The 


prostate was normal. 


Microscopic findings. Dr. C. L. Connor made the patho 


logical examination of the tissues after they had been 
fixed in formalin for a long time. Special stains could not 
be used, but the findings which are given were recognized 
without difficulty. 

The heart showed large, probably hypertrophic muscle 
fibers. In many places the muscle had degenerated into 


collagenous material which had formed scars throughout 


the myocardium. A section of the coronary artery showed 
more than 50 per cent occlusion by atheromatous de 
posits and fibroblastic proliferation into the intima. There 
was no considerable infarction but the condition resembled 
the so-called fibrous myocarditis of arteriosclerosis. 

Section of the lungs showed a marked infiltration with 
polymorphonuclear cells into alveoli, bronchi and bronchi: 
oles. This part of the lung was aerated in only a few 
rounded spaces. The condition was an example of severe 
acute bronchopneumonia. 

In the liver patches of fat in more than moderate 
amount were scattered sometimes around a central vein 
and sometimes nearer the portal areas. Fibrous tissue was 
slightly but definitely increased around the lobules, in 
some places almost completely encircling them. There was 
some reduplication of the bile ducts in the portal areas 
with the formation of double cords of cells such as is seen 
in cirrhosis. No glycogen was present. 

Considerable swelling and postmortem degeneration of 
the epithelium had taken place in the tubules of the 
kidneys. Some fatty infiltration was seen in the cells o} 
the convoluted tubules. The glomeruli were large. There 
was slight thickening of Bowman’s capsule which may 
have been due to the prolonged fixation. A similar collagen 
swelling of the interstitial tissues did not seein to be 
antemortem edema. The wall of blood vessels was some: 
what thickened but showed only a minimal amount o 
proliferation of the intima. Except for the increase in siz 
and for the lipoid deposits in the convoluted tubules, the 
kidneys appeared normal. No profound change from the 
normal was found in the testes. Mitotic figures were 
present in the cells of the seminiferous tubules. Cells of 
Leydig could be seen in small numbers in the interstitial 
tissue. These did not appear to be increased or decreased 
in number or structure. 

The three parts of the pituitary gland could be ident 
fied although not all of the anterior lobe was in the sec 
tion. There was no capsule around the gland and an ur 
known amount of tissue had been lost. What remained of 
the anterior lobe apparently was composed of one type of 
cell only which had stainable cytoplasm and was of brick 
red color; these apparently were eosinophilic cells which 
contained granules. The fact that the cytoplasm stains at 
all may be considered an eosinophilic characteristic. No 
basophils were found. Very few cells with non-staining 
cytoplasm were seen (fig. 9). The thyroid contained more 
colloid than normal. The alveoli were generally larger but 
groups of smaller alveoli were present. In these, as well as 
in the larger ones, the cells were not flat but low cuboidal 
in shape. Many of the lining cells had sloughed away be 
cause of postmortem changes. Histologically, the gland 
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appeared to be simply hypertrophied. However, it showed 
more than the normal amount of connective tissue and 
dight infiltration with lymphocytes. The parathyroid 
gands contained the usual two types of cells, the chief 
cells being much more numerous than the eosinophils. 
They looked like normal glands except for their increase in 
size. 

The adrenals were distorted apparently because of an 
overgrowth of cortical cells since the distortion was more 
than can be accounted for by mechanical postmortem 
damage. As in hyperplastic glands, the three layers of 
cortex were not distinct. There had been numerous local- 
ied areas of hyperplasia, some partly encapsulated and 
sme completely encapsulated which formed so-called 
aenomata. At the same time some thickening of the 
apsule had occurred with an increase of connective tissue 
between cells and groups of cells in the outer cortical zone. 
Deeper in the cortex some islands of connective tissue 
with processes ramifying through the tissue were ob- 
stved. These fibrotic changes no doubt represent cortical 
atrophy following hyperplasia and may be considered an 
involutionary process even though the gland was hyper- 
plastic. It probably had been more hyperplastic at one 
time. 

The thymus tissue was much more abundant than 
normal in a person 45 years of age. The mass of fat which 
included the thymus measured about 4 X3 X2 cm. A large 
portion of this mass was thymus tissue. It was cellular. 
In some parts the cortex and medulla could be distin- 
guished. The Hassall’s corpuscles were about as far apart 
as they would be in the thymus of a child; many were 
present and a few of them were calcified. The condition 
evidently was due either to lack of normal involution or 
to hyperplasia. 

No important changes were observed in the brain. The 
cortical tissue around blood vessels was somewhat de- 
generated. The cysts in the basal nuclei were lined with 
ependyma and presumably were diverticula from the 
ventricles. 

Pathological diagnoses were eosinophilic adenoma (de- 
generated) of the pituitary with marked acromegaly, 
marked visceromegaly, simple hypertrophy of the thyroid 
and parathyroid glands, and hyperplasia of the thymus 
and adrenals; coronary sclerosis; purulent sphenoiditis; 
and terminal bronchopneumonia. 
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In this case the unimpeded progress of acromegalic 
changes over a period of 26 years is recorded. The dis- 
ease first manifested itself at the age of 19 with a sud- 
den spurt of growth. When the patient died at the age 
of 45, he presented an advanced picture of the hideous 
and grotesque changes which may occur under the 
influence of an excessive amount of growth hormone. 

Except for the urinary findings suggestive of ne- 
phritis, the condition was relatively uncomplicated. 
Headache and visual impairment were minimal and 
diabetes never developed as far as we know. We did 
not see the patient during the last 5 years of his life. 
Because, and only because, of the absence of complica- 
tions, the condition was allowed to progress for 26 
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years. The sole therapy given was by roentgen-ray, 
approximately 2100 roentgens in four exposures in 
1923. The sudden onset of intractable headache 
shortly before death may have been caused by an 
exacerbation of growth of the pituitary adenoma or it 
may have been related to the purulent infection found 
in the sphenoid sinus at autopsy. The immediate 
cause of death was terminal bronchopneumonia. 
The advanced degree of visceromegaly found at 
autopsy is particularly noteworthy. The liver was the 





Fig. 9. EosiNoPHILIC ADENOMA OF HyPopHysis. Note closely 
packed cellular structure. X95. 


largest which has ever been described in acromegaly 
(6200 gm). The largest previously reported, by Dalle- 
magne, weighed 5900 gm. 

Case 3 (C. H. No. 57403). Post-menopausal on- 
set of acromegaly in a woman, complicated by latent 
syphilis, arteriosclerosis, hypertension, diabetes mel- 
litus, multiple adenomata of the thyroid, retinal de- 
tachment, breast tumor, and pseudo-tabes. Treatment 
consisted of pituitary irradiation in inadequate dos- 
age. Death occurred at age 58 from degeneration and 
hemorrhage of the eosinophilic adenoma of the pitui- 
tary into the sphenoid sinus and the pharynx. 

A widow, 56 years of age, came to the Out-Patient 
Department of the Hospital for Women and Children on 
August 22, 1934, complaining that for 4 years since her 
menopause, she had had increasing difficulty in locomotion 
associated with pain and stiffness in the knees and increas- 
ing unsteadiness of gait. She had to watch where she put 
her feet, could not gauge distances and was continually 
bumping into objects. She often staggered and frequently 
she fell. Vision was failing steadily, especially in the right 
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eye which was hemianopic. During the same interval 
there had been a great change in her appearance which was 
manifested by progressive enlargement of chin, tongue, 
nose, hands and feet. She neither suffered from headaches 
nor was she subject to respiratory infections. She had had 
palpitation of the heart as well as edema of the ankles for 


AL 


Fig. 10. Case 3. A, age 53 years. Note vertical’ urrowing and thickening of forehead, marked puffness around eyes, narrow lil 
slits, thickened nose and lips. B, note wide wrists and fingers, thickened terminal phalanges, and thickened hypertrophied blood ves 


sels. C, normal adult male hand for comparison. 


4 years. She complained of much flatulence and increasing 
constipation. Nocturia had occurred 2 or 3 times nightly 
for about 4 years. She had polyuria but no polydipsia. She 
was always warm, perspired profusely and tired easily. 
She did not use any alcohol, tobacco or drugs, but drank 
about § cups of coffee and tea daily. The appetite was 
very good. The maximum weight of 205 lb. was attained 
at the onset of the illness. About 2 years before the pre- 
senting date she had been told that she had diabetes; on 
a special diet, to which she had adhered only for a short 
time, she had lost about 35 lb. 

The patient was married at the age of 15. Her husband 
met an accidental death 14 years later. Of 8 pregnancies, 
2 terminated in spontaneous abortions. Three children 
died in infancy. The three living children were 40, 34 and 
29 years of age, respectively. The daughter aged 40 had 
syphilis which may have been congenital. At the age of 54 
years the patient had had a moderately severe attack of 
broncho-pneumonia. Menstruation had begun at the age 
of 13, periods had occurred every 28 days, had lasted for 5 
to 6 days and had been characterized by profuse flow. The 
menopause was complete at 52 years of age. 

The patient presented a typically acromegalic appear- 
ance. She had large coarse features, deeply furrowed brow, 
protruding mandible, prominent frontal bosses, hyper- 
trophic nose and large, spade-like hands (fig. 10, A and 
10, B). The height was 62.5 in. and the weight 170 lb. 
The skin was thick, dry and coarse. She had several 
pedunculated fibromata on the neck, a large one on the 
inner aspect of the right thigh and one on the dorsum of 
the left foot. The eyelids were puffy and the eye slits 
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narrow. The right pupil was smaller than the left, ir 
regular and fixed to light although it reacted consensually, 
The left pupil reacted normally. The retina appeared to be 
detached from the temporal portion of the right eyeball, 
The left disc was somewhat blurred. The visual fields, 
determined by rerimetry with a 5 mm. test object, were 














normal save for a large nasal defect on the right whic 
may have been due to the retinal detachment. Except fo 
hypertrophy, the nose was normal. The lips were thic 
and the lower jaw was prognathic. The teeth in the lower 
jaw were spaced widely and in poor condition; marked 
periodontitis was present. The upper jaw was edentulous 
The tongue was very large and was traversed by a deep 
midline fissure. The nasopharynx was slightly injected 
The tonsils were small and cryptic. The submaxillary, 
axillary, inguinal and epitrochlear lymph nodes were en 
larged. The thyroid was nodular and considerably en 
larged. The thorax was barrel-shaped; the sternum was 
thickened and protruding. The breasts were soft and ful 
but showed no masses or tenderness; the nipples were in 
verted. The lungs were normal by percussion and auscultz 
tion. The heart was considerably enlarged; the point of 
maximum impulse was in the 6th interspace at the an 
terior axillary line. A systolic murmur was heard over the 
entire precordium; it was loudest over the aortic and 
mitral areas. The systolic blood pressure was 180, the 
diastolic, 100 mm. Hg. The rounded edge of the liver was 
palpated about 4 cm. below the costal margin. The hands 
were large and spade-like. The thickening involved espe 
cially the terminal phalanges. The feet were broad and 
thick. The ankles showed slight pitting edema. The veins 
and arteries of the upper and lower extremities wert 
hypertrophied and tortuous. Considerable cervicodrsal 
kyphosis and moderate lumbar lordosis with accompany’ 
ing limitation of motion were observed. The vagina! out’ 
let was relaxed. A pea-sized fibroma, similar to the 
fibromata of the skin, was found just inside the introitus. 
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A considerable amount of yellow discharge was noted. 
Advanced senile vaginitis was evidenced by adhesions of 
the vault which obliterated the fornices. The uterus was 
small, anteriorly situated and freely movable. The adnexae 
were normal. 

The patient's gait was markedly ataxic; she put down 
her feet in an unsteady manner. The Romberg sign was 
positive; the patient staggered in all directions. The 
muscles showed no weakness, atrophy or fibrillation. All 
movements were performed sluggishly. Taste and smell 
were normal. There was slight impairment of sensation 
in the right extremities. The tendon reflexes were equal 
and active. Clonus and the Babinski sign were absent. 
Position sense was intact. The ataxia was confined to the 
lower extremities; the finger-to-nose test was well done 
whereas the heel-to-knee test was poorly done. 

The significant observations made by laboratory ex- 
amination were as follows. The urine, examined on Aug. 
28. 1934, showed a faint trace of albumin, no sugar, many 
calcium oxalate crystals, numerous white blood cells and 
4 to 5 red blood cells per high dry field. Two weeks later 
4-+ sugar was found in the urine. The blood count 
showed: Hb. 97 per cent (Sahli), R.B.C. 5,300,000, 
W.B.C. 6000,. with polymorphonuclear leucocytes 60 
per cent, lymphocytes 39 per cent and transitional 1 per 
cent. Fasting blood sugar was 296.2 mg. per cent. The 
blood Wassermann reaction was 3+ in three dilutions 
(Kolmer). B.M.R. was +22 per cent. By electrocardio- 
graphic examination of the heart, the rate was 72, the 
thythm was regular and of normal sinus origin. The PR 
interval was 0.16 and the QRS was 0.08 seconds. The 
P-waves were moderately broad and notched and there 
was evidence of left preponderance consistent with a 
hypertensive heart. 

Stereoroentgenographs of the skull showed that the 
calvarium was thick and the bony texture was coarse 
and dense. The sella turcica was enlarged but the floor 
and the clinoids were intact. The pineal body was densely 
calcified but not noticeably displaced. The frontal sinuses 
were strikingly enlarged (fig. 11). Roentgenograms of the 
hands showed thickening of the bones with characteristic 
tufting of all terminal phalanges. The knee joints showed 
rather extensive hypertrophic changes, but no evidence 
of a destructive lesion. Fluoroscopic examination of the 
chest revealed a rounded shadow above the arch of the 
aorta which suggested a substernal extension of the 
thyroid. The arch of the aorta was sclerotic and wide in 
the antero-posterior view, partly due to rotation. The 
heart appeared hypertrophied especially in the anterior- 
posterior diameter. 

On the basis of the physical findings the following diag- 
Noses were made: pituitary tumor with acromegaly; dia- 
betes mellitus; latent syphilis; arteriosclerosis with hyper- 
tension and cardiac hypertrophy; multiple adenomata of 
the thyroid; retinal detachment of the right eye; multiple 
fibromata; varicosities; senile vaginitis; and chronic hyper- 
trophic arthritis. Most of the complications of acromegaly 
as well as a few extraneous conditions were evident in this 
case. 

Treatment of this patient was difficult because of her 
failure to cooperate. It consisted of dietary management of 
the diabetes and control of the syphilis by administration 
of bismuth salicylate intramuscularly and potassium iodide 
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orally. Since the patient did not adhere to the diet, the 
urine never was consistently free of sugar. In February, 
1935, following a severe acute upper respiratory infec- 
tion, the patient was hospitalized for control of diabetes. 
A glucose tolerance test gave the following results in 
mg. per cent: fasting blood sugar, 234; at % hr., 284; 1 
br., 332; 2 hr., 346; and 3 hr. 206. The quantitative 
urinary sugar was 8.6 gm. or 3.8 per cent. The blood 
cholesterol was 146.4 mg per cent; the B.M.R. was +36 
per cent. Lumbar puncture yielded a clear, colorless fluid 
under a pressure of 210 mm. of water, sugar of 110 mg. 
per cent, a cell count of 10 with 50 per cent polymorpho- 
nuclears and 50 per cent lymphocytes, negative Wasser- 





Fig. 11. ROENTGENOGRAM OF SKULL OF case 3. Note *hickened 
calvarium, huge frontal sinuses, prognathism and enlarged sella 
turcica. 


mann and Pandy reactions, a slightly positive Nonne and 
a gold curve of 0111211000. 

After a week’s hospitalization the patient was dis- 
charged with sugar-free urine, on a diet which consisted 
of carbohydrate, 100 gm.; protein, 65 gm.; and fat, 100 gm. 
(a total of 1566 calories), without insulin. Three months 
later the urine still was sugar-free; the fasting blood sugar 
was 190.4 mg per cent. Since the diabetes and syphilis 
were under control, pituitary irradiation was begun. 
After 3 roentgen-ray treatments to the region of the 
hypophysis, the patient volunteered the information 
that her shoes seemed large and that her hands were less 
puffy than previously. The adenoma of the thyroid was 
definitely smaller, but this may have been an iodide effect. 
Roentgen-ray therapy was continued until a total of 800 r 
had been given to each side. The last treatment was given 
on August 20, 1935.4 

Four months later, in December, 1935, the patient had 
a severe upper respiratory infection which persisted for 
11 days. Following this illness a very hard, painless mass 
about the size of an egg appeared just below the nipple 
of the right breast. It was attached to the overlying 
reddened skin. A large lymph node was palpable in the 
right axilla. The left nipple was inverted and a small firm 
lump was observed beneath and medial to it. Both nodules 
were opaque to transillumination. The condition sug- 
gested carcinoma. Surgical exploration was to be done 


4 For details of roentgen-ray dosage see Addenda, synopsis of 
roentgen-ray therapy, case 3. 
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after a few days of treatment with hot compresses to 
allow the inflammatory reaction to subside. The patient 
failed to return until 9 days later at which time the mass 
was smaller and more rubbery. One month later the mass 
had disappeared and the diagnosis was revised to inflam- 
matory mastitis. 

Early in 1936 the patient again was hospitalized for 
control of diabetes. The fasting blood sugar was 285.6 
mg. per cent and the cholesterol 303 mg. per cent. When 
she was dismissed on Feb. 29, 1936, the urine sugar-free, 
on a diet consisting of carbohydrate, 110 gm.; protein, 
70 gm.; and fat, 100 gm. (a total of 1620 calories) and 
insulin 12-0-12 u, the fasting blood sugar had dropped to 
153.8 mg. per cent and the blood cholesterol to 250.5 mg. 
per cent. From this time on the patient became completely 
discouraged and unco-operative. Whether the necessity 
for injections of insulin was responsible for her attitude 
is dificult to say. Her condition became steadily worse. 
Finally, on Sept. 30, 1936, she entered the San Francisco 
Hospital in coma with temperature of 104.6°F. For several 
weeks before entry she had vomited and had suffered from 
severe headache. She was said to have lost the lateral 
field of vision in the left eye. On examination the left 
pupil was dilated and failed to react to light. A choked 
disc was observed in the left fundus. She had bleeding 
from the left side of the pharynx. The blood pressure was 
240 and 100 mm. Hg systolic and diastolic, respectively. 
The knee jerk reflexes were diminished. A blood count 
showed: Hb. 98 per cent, R.B.C. 6,000,000, W.B.C. 
12,200 and a normal differential count. The spinal fluid 
contained 27,000 cells of which 45 per cent were red 
blood cells and the remainder were polymorphonuclear 
cells. The patient died on Oct. 1, 1936, without having 
regained consciousness. 


Autopsy 


Gross findings. The body was that of an obese, grey 
haired, acromegalic female about 50 years of age. Distribu- 
tion of the hair was normal. The right pupil measured 
about 3 mm. and the left about 5 mm. in diameter. The 
nasal septum was intact. The upper jaw was edentulous; 
several teeth were missing from the lower jaw; those re- 
maining were fairly well preserved. The tongue was large. 
There was a blood clot in the pharynx on the left side but 
no bleeding point was seen. A movable mass about 3 cm. 
in diameter which was not attached to the skin was seen 
under the ramus of the jaw on the right. The trachea was 
in the midline. The breasts were small and showed in- 
verted nipples. The chest and abdomen were not re- 
markable. The genitalia appeared normal. The lower ex- 
tremities were relatively normal but the upper ones were 
disproportionately long, extending to the middle of the 
thigh. The hands were exceedingly large with huge 
phalangeal joints and clubbed fingers. There were several 
papillary skin lesions over.the body, some extending as 
far out as 2 cm. 

The scalp stripped from the skull with ease. The 
calvarium was thickened, measuring 1 cm. at one point 
but the bone was rather soft and could be sawed with 
ease. The meninges were normal. The brain weighed 1250 
gm. (normal 1360 gm.). Its surface appeared normal. No 
palpable tumors were found within the brain substance. 
The anterior and posterior clinoid processes were eroded 
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away. The sella turcica was deepened and filled with the 
enlarged pituitary gland which had penetrated through 
the floor into the sphenoid sinus and at one point into the 
pharynx. At this point bleeding was observed. The pitui- 
tary was approximately 4 times normal size and weighed 
12 gm. It was soft, congested and had no distinct form. 
The thyroid was enlarged and congested. The left lobe 
weighed 45 gm. and the right 55 gm. (normal total weight 
45 gm.). 

The pleural cavity contained no free fluid but adhesions 
were seen between the apex of the left lung and the nb 
cage. The left lung was subcrepitant throughout. The 
bronchi appeared normal. The pulmonary vein contained 
no antemortem clot. The lymph nodes were small and 
anthracotic. On cut section the lung was somewhat con- 
gested and the apex was slightly scarred. No areas of 
— were seen. The right lung was similar to the 
eit. 

The pericardial cavity was obliterated by dense, firm 
adhesions. The heart with adherent pericardium weighed 
§25 gm. (normal 250 gm.). The right ventricle measured 
4 mm. and the left 5 mm. in thickness. The endocardium 
was smooth throughout. The valves were normal. The 
auricles contained no antemortem clots. The coronary 
arteries showed considerable arteriosclerosis but no ob- 
literation or narrowing. 

The abdominal cavity contained no free fluid. The 
serosal surfaces were smooth and shiny. The appendix 
was bound to the parietal wall by dense, firm adhesions. 
One adhesion was observed between the gall bladder 
and the large bowel. The diaphragm extended to the sth 
interspace on the right and to the sth rib on the left. 
The liver did not extend below the costal margin. It 
measured 30 X25 X8 cm. and weighed 2350 gm. (normal 
1500 gm.). Its surface was smooth except for a plaque of 
scar tissue 3 X4 cm. in the left lobe. The parenchyma 
under the scar tissue was dense and firm and cut with 
resistance while that of the liver in general was rather 
pale and showed fatty trabeculations. The gall bladder 
contained 30 cc. of tan-colored bile. The biliary passages 
were patent. The spleen weighed 460 gm. (normal 200 
gm.) and measured 18 X9 X3 cm. Its surface was smooth 
and on cut section appeared congested. The left kidney 
was pale, weighed 245 gm. (normal 300 gm.) and stripped 
with great difficulty. The cortex was 8 mm. thick. It con- 
tained a normal amount of perirenal fat. The renal pelvis 
was normal. The right kidney weighed 240 gm. and re 
sembled the left. The adrenals appeared normal in size 
and shape. The left weighed 5 gm. and the right 15 gm. 
The pancreas was normal. The aorta was sclerotic 
throughout its entire length. The spinal cord in the 
lumbar region appeared normal. The small and large 
bowels contained dark, bloody material. The vaginal wall 
was thickened throughout, with small plaques of dense 
fibrous tissue. The cervix was atrophic and the os was 
patent. The uterus was normal in thickness but con 
tained two papillomata in the mucosa. The fallopian 
tubes were apparently normal. The ovaries were approxi’ 
mately normal in size but were firm and almost stony in 
consistency. 

Microscopic findings. In the brain numerous calcarious 
bodies were observed in the choroid plexus of the left 
posterior horn of the ventricle. The meninges at the base 
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of the brain were congested and contained moderate 
numbers of polymorphonuclear leucocytes. The hypo- 
thalamus contained numerous amylaceous bodies. The 
tissue was loose and there were a few round cells about 
several of the vessels. The pituitary (fig. 12) was replaced 
largely by hemorrhagic necrotic debris and great numbers 
of polymorphonuclear leucocytes. The acini which re- 
mined intact stained pink with hematoxylin and eosin 
and were widely separated by edema and hemorrhage as 
well as infiltrated by red blood cells and polymorpho- 
nuclear leucocytes. The overlying meninges were thick- 
ened with fibrous tissue and also were heavily infiltrated 
with the same type of cells. The submaxillary mass 
showed increased fibrous tissue reaction about lymphoid 
elements. The polypoid mass in the skin was covered by 
normal epithelium and was composed of masses of hya- 
linized fibrous tissue. The acini of the thyroid were lined 
with cuboidal epithelium and filled with pink-staining 
colloid. An increased amount of interlobar connective 
tissue was noted indicating involution, perhaps of a 
previous hyperplasia. 

The fibrous tissue strands between the muscle fibers 
of the heart were moderately increased. The pericardium 
showed fibrous tissue thickening. There was a generous 
sprinkling of round cells and polymorphonuclear leuco- 
cytes among the muscle bundles. A large calcarious plaque 
was seen in the intima of the aorta. Slight scarring about 
the vasa vasorum and a few round cells were present. 
The aveolar walls of the lungs were congested and the 
alveoli contained debris and occasional red blood cells and 
leucocytes. The septae contained fibrous tissue. 

The liver showed marked increase in perilobar con- 
nective tissue of the cells and contained increased fat. 
The wall of the gall blader was edematous and showed 
fibrous tissue thickening. Small collections of round cells 
were present in the mucosa the villi of which were thick- 
ened and adherent to one another. A large artery in the 
wall contained collections of round cells about the vasa 
vasorum. The pulp ot the spleen was congested and in- 
fltrated with polymorphonuclear leucocytes. The vessels 
of the pancreas were congested; only a few small islets 
were present. The kidneys contained small collections of 
tound cells under the capsule and about some of the 
congested blood vessels. The glomeruli were large but 
otherwise normal. An occasional hyaline cast was seen in 
the tubules. The adrenals were normal. 

The breasts showed ducts which appeared to be 
dilated. One duct was filled with an intracanalicular mass 
of fibrous tissue and had no lining epithelium. Large foci 
of round cells were seen about the ducts and acini. No 
follicles of germinal epithelium were present in the 
ovaries. The ovarian tissue was replaced by corpora al- 
bicantes and fibrous tissue. The uterus showed atrophic 
endometrial glands some of which had become cystic 
and were lined by low columnar epithelium and were filled 
with pink-staining debris. The uterine muscle was fibrotic. 
The salpinx showed a slight increase in the connective 
tissue of the fimbriae. Underlying the atrophic epithelium 
of the vagina were numerous round cells. The spinal cord 
was riddled with small amylaceous bodies. The cells of 
the dorsal column and anterior horn were normal. The 
meningeal vessels were congested but showed no in- 
flammatory change. 
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The pathological diagnoses were eosinophilic adenoma 
of the pituitary with perforation of the sphenoid sinus 
and hemorrhage into the pharynx; acromegaly; acute 
basilar meningitis; simple nodular goiter; chronic adhesive 
pericarditis; generalized ateriosclerosis with cardiac hyper- 
trophy; muliple polypi of the uterus; multiple fibromata 
of the skin; chronic cystic mastitis; intracanalicular 
fibroma of the breast; chronic cholecystitis; healed apical 
pulmonary tuberculosis; and chronic submaxillary lymph- 
adenitis. 


Summary 


The onset of acromegaly in this case occurred at 
the age of 52 years, following the menopause. The 





Fig. 12. Case 3. EostNopHILIC ADENOMA OF THE HYPOPHysIs. Note 
degeneration and areas of hemorrhage and edema. X 120. 


duration of the disease was 6 years. Death was due 
to hemorrhagic necrosis of the pituitary adenoma with 
extension through the sellar floor into the sphenoid 
sinus, and hemorrhage into the pharynx. The symp- 
toms were acral enlargement, difficulties with loco- 
motion, failing vision, polyphagia, polyuria and pro- 
fuse perspiration. Headache appeared terminally. 

The complications were numerous and confusing. 
Diabetes appeared early in the course of the disease, 
having been diagnosed 2 years after the onset. It was 
poorly controlled. The visual field defect, which is so 
characteristic of pituitary tumors, was due in this 
case to a retinal detachment. This complication has 
been reported only once before in acromegaly in a 
recent article by Flaum and Ralli (9). The presenting 
complaint of locomotive difficulties of an ataxic nature 
and the positive serology were suggestive of tabes. 
Closer study showed that it was undoubtedly a 
pseudo-tabes which has been described previously in 
conjunction with acromegaly. The cardiac symptoms 
and findings were difficult to evaluate during life. 
How much of the symptomatology was due to arterio- 
sclerosis and hypertension, how much to the viscero- 
megaly which is an integral part of acromegaly, how 
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much to the mildly toxic adenomata of the thyroid, 
and how much to syphilis, was difficult to establish. 
Thé syphilis probably was latent and of long stand- 
ing. Atkinson (6) in his searching compilation re- 
ported the incidence of syphilis in acromegaly as 
about 10 per cent. Since the same incidence occurs in 
the general population, we may conclude that the 
association of syphilis with acromegaly in this case 
was purely coincidental. Another complication was 
the mass in the left breast which made its appearance 
not long after pituitary irradiation was begun. It was 
at first considered to be carcinomatous but eventually 
proved to be an intracanalicular fibroma associated 
with chronic cystic mastitis. Therapy was difficult to 
carry out because of the poor cooperation of the pa- 
tient. It consisted of dietary control with and without 
insulin for the diabetes, bismuth salicylate adminis- 
tered intramuscularly and potassium iodide orally for 
the syphilis, and an inadequate amount of irradiation 
(consisting of 1600 roentgens) to the hypophysis 
which caused prompt although transient improve- 
ment. 

Case 4(U. C. H. No. 15477). Acromegaly of about 
19 years’ duration in a woman, with early and per- 
sistent amenorrhea, blindness and diabetes mellitus, 
treated by transphenoidal partial hypophysectomy 
and inadequate pituitary irradiation which resulted 
in partial restoration of vision but had no effect on 
amenorrhea or diabetes. Xanthoma diabeticorum was 
a complication. Death occurred at age 43 by suicide. 


The patient, a sing'e woman 33 years of age, was born 
in Minnesota of American parents of French-Norwegian 
extraction. She first came to the Out-Patient Department 
of the University of California Hospital on Oct. 5, 1928, 
complaining of general weakness of 3 to 4 months’ dura- 
tion. The family history was non-contributory. The past 
history was negative except that she had had small-pox at 
the age of 10, pertussis as a young child and again at the 
age of 15, and measles at the age of 20. Catamemia, which 
had begun at the age of 13, had been normal. Regular 
periods occurred at 28-day intervals and lasted 4 days. 
The amount of flow was normal. 

A resumé of the symptoms pertaining to the patient’s 
complaint revealed the following sequence of events. 
Menstrual irregularity began at 24 years of age and pro- 
gressed to complete amenorrhea at the age of 25. Simul- 
taneously right-sided facial ‘neuralgia’ occurred at about 
monthly intervals. Size of hands and feet increased at 
the age of 30; the patient's attention was first attracted 
to it because of increasing difficulty in playing the violin, 
but she attributed the trouble to heavy work. Vision be- 
gan to fail, at first in the right eye and later in the left 
eye (an optician had trouble in finding a spectacle frame 
wide enough to bridge her face). In spite of these difh- 
culties the patient considered herself well until 3 to 4 
months prior to the presenting date at which time she 
was forced to stop work as a power machine operator 
because of extreme nervousness, irritability and weakness. 
Sleep was disturbed by severe noctidrosis. The appetite, 
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which had always been good, had become excessive and 
she had gained 37 lb. in 4 years (112 to 149 lb.) She ad 
mitted a slight increase in thirst but she had not had poly- 
uria. She had suffered from constipation, chronic nasal 
catarrh and tinitus aurium for many years. For 2 to 4 
months she had experienced some headache. 

The patient’s height was 64 in. (162.2 cm.) and the 
weight 149.5 lb. (68 kg.). She was typically acromegalic in 
appearance (fig. 13, E) with marked prognathism of the 
lower jaw, prominent malar eminences, wide nose aud 
full lips. The brow was low and broad with heavy, 
wrinkled folds and prominent frontal bosses. Tenderness 
was elicited over the right mastoid and the right frontal 
region. The complexion was swarthy with numerous dark, 
pigmented spots. The hair was kinky. Despite the pa- 
tient’s purported French-Norwegian ancestry, she was 
definitely negroid in appearance (fig. 13, B). The eyes were 
widely separated, the upper lids were puffy and there 
was a tendency to a nasal brow. Slight exophthalmos was 
present, the right eye being somewhat more prominent 
than the left. Intraocular tension was increased. The right 
pupil was circular, regular and responded sluggishly to 
light and accommodation. The left pupil also was round 
and regular in outline but was widely dilated and re- 
sponded only consensually to light. There was lateral 
nystagmus both to the right and to the left. The extrinsic 
muscles responded normally although a suggestive von 
Graefe sign was present on the left and convergence was 
poor. Visual acuity on the right was 20/70-2 while with 
the left eye the patient could barely detect light. The right 
fundus was normal but the left showed a completely 
atrophic disc. The fields were limited to nasal vision in 
the right eye (fig. 14, A). The teeth were widely spaced, 
the jaws did not approximate properly and oral hygiene 
was poor. The tongue was huge, being both wide and 
long. The tonsils were hypertrophied, the right more so 
than the left. Large submaxillary lymph nodes were 
palpable bilaterally. The thyroid was smooth, symmetrical 
and moderately enlarged, without nodules, thrill or bruit. 
The costal margin was flared. The breasts were moder- 
ately well developed. The lungs were normal and the 
heart was normal save for its slow rate (58 per minute). 
The blood pressure was 122 and go mm. Hg, systolic and 
diastolic, respectively. The abdomen was normal except 
for mild tenderness over McBurney’s point. The hands 
were broad with long, flat, wide fingers. The joints were 
astonishingly supple. The feet were broad. The toes were 
exceedingly wide. The tendon reflexes were normal. 
Slight cervicodorsal kyphosis was present. The external 
genitalia were normal. The hymen was intact. On rectal 
examination the cervix was palpated posteriorly. The 
uterus was not palpated clearly but showed no tenderness 
or abnormal masses. 

The urine had a specific gravity of 1.025, no albumin 
i + sugar and negative microscopic findings. The glucose 
tolerance test gave the following results in mg. per cent: 
fasting blood sugar, 116; % hr., 206; 1 hr., 217; 2 hr., 206; 
the urine showed 1+ sugar in the fasting, %-hr. and 
ihr. specimens and 2+ sugar in the 2-hr. specimen. 
B.M.R. was —4.1 per cent. The blood Wassermann 
reaction was negative. Roentgenogram of the skull showed 
marked enlargement of the sella turcica with thinning of 
the anterior and posterior clinoid processes and depression 
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Fig. 13, A, B, C. Case 4. A, age, 24 years; just prior to onset of acromegaly. B, age, 33 years, when first s.en. C, age, 38 years. Note 
startling change in features, especially the nose, lips and forehead, also the pigmentation and darker frizzier hair. 


of the floor. The lower jaw was typically acromegalic (fig. 
15, A). Roentgenogram of the hands (fig. 15, B) and feet 
showed tufting of the distal phalanges and exostoses of 
both great toes. Bony defects were seen in the terminal 
phalanges of both thumbs at corresponding points and in 
the left fifth digit at the proximal interphalangeal joint. 
Roentgenogram of the chest did not reveal cardiomegaly. 

The diagnoses, made on basis of the physical and labora- 
tory investigations, were: pituitary tumor impinging on 
the optic chiasm and causing blindness on the left and 
temporal hemianopsia on the right; acromegaly; and dia- 
betes. 

On Oct. 24, 1928, a transphenoidal decompression was 
performed by Dr. Howard Fleming. After the sphenoidal 
sinus had been exposed and the anterior wall removed, a 
glandular type of tissue extruded. A piece about the size 
of a marble was removed in bits. On microscopic section 
this tissue showed sheets of cells without pattern in a 
capillary stroma. The cells had round vesicular nuclei and 
faintly staining grey to pinkish-grey cytoplasm without 
definite membranes. No basophils and only a few acido- 
phils were present. Although the predominant cells had 
anon-staining cytoplasm, Dr. C. L. Connor, the patholo- 
gist, concluded that the tumor probably was an acidophilic 
adenoma, struma or hyperplasia. Recovery from the opera- 
tion was uneventful. The patient was discharged from 
the hospital on Nov. 10, 1928, after having received 4 
toentgen-ray treatments to the pituitary region, or about 
700 r to each side.® At this time the B.M.R. was —1.5 
per cent and the glucose tolerance test gave the following 
teadings in mg. per cent: fasting blood sugar, 93; % hr., 
207; 1 hr., 256; and 2 hr., 210. 

Three months later the patient’s vision was much im- 
proved (fig. 14, B), the night sweats and headache had dis- 
appeared, the hands seemed smaller and the face less thick, 
suggesting a decrease in the so-called acromegalic myx- 
edema. However, menstruation had not returned nor had 
any improvement in diabetes taken place. As a matter of 


5 For details of roentgen-ray dosage see Addenda, synopsis of 
toentgen-ray therapy, case 4. 





fact, sugar tolerance was depressed further by the com- 
plication of a pulmonary abscess which required 5 weeks’ 
hospitalization (May 14, 1929 to June 16, 1929). The pa- 
tient was discharged cured of the abscess and the urine 
sugar-free, on a diet of carbohydrate, go gm.; protein, 90 





Fig. 13, D, E. Case 4. D, patient at age of 24, just prior 
to onset of acromegaly. E, age, 33 years, when first seen. 
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gm.; and fat, 120 gm. (a total of 1800 calories), without 
insulin. Nevertheless, 3 months later (Sept. 20, 1929) the 
fasting blood sugar was 333 mg. per cent with an orange 
reduction of the urine to Benedict's solution. Finally, she 
was stabilized on a diet consisting of carbohydrate, 90 
gm.; protein, 90 gm.; and fat, 100 gm., with insulin 25-10- 
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was discharged, urine sugar-free, on a diet consisting of 
carbohydrate, 100 gm.; protein, 60 gm.; and fat, 120 gm., 
with insulin 25-5-20 u. The B.M.R. at this time was 
—21.9 per cent. 

From 1930 to 1935 the patient got along fairly well. The 
smooth course was marred only by the occurrence in 1932 
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Fig. 14, A. PertMeTRic CHART OF Case 4 at age of 33. Note amaurosis of left eye and hemianopsia of 
right eye. B, field of vision 3 months after transphenoidal partial hypophysectomy and minimal 
amount of pituitary irradiation. Note improvement. 


15 u. Because of the incréasing severity of the diabetes 
another course of pituitary irradiation was given (about 
1750 r). By Dec. 4, 1929, the insulin requirement had in- 
creased to 35-25-30 U in spite of the weighed diet. On De- 
cember 10, the fasting blood sugar was 472 mg. per cent. 
The patient discontinued taking insulin on Jan. 1, 1930, 
and failed to return until she was brought to the hospital 
in diabetic acidosis on March 21. Two weeks later she 





of a diffuse disseminated xanthomatosis which lasted for 
about 6 months. The full details of this complication were 
reported in 1933 by McGavack and Shepardson (10). ““he 
maximum improvement of vision was reached in Februery, 
1934, when the visual acuity was 20/30 in the right and 
20/70 in the left (fig. 14 C). In 1931, samples of blood 
were sent to the laboratory of Dr. Herbert M. Evans for 
assay of growth hormone; none was found. In 1933 the 
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patient was for the first time described as a negress. 

Between 1935 and 1938, although the diabetes was well 
controlled, the acromegalic signs increased and a slow but 
progressive diminution in visual acuity of the right eye be- 
came apparent. Roentgenograms of the skull showed fur- 
ther enlargement of the sella turcica and tilting of the pos- 
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is not known since on May 21, 1938, at the age of 43, the 
patient ended her life by taking poison. 













Autopsy 


Gross findings. The autopsy was performed by Dr. 
Jesse Carr, of the Coroner's office. The body was de- 
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terior clinoids. On Jan. 11, 1938, the patient was seen in 
consultation with Dr. Howard Naffziger who advised 
surgical treatment. This the patient refused because of her 
mother’s illness. By March, 1938, she was suffering from 
persistent headache and intractable vomiting. Visual 
acuity had diminished to 20/200 in the right eye while in 
the left eye she could discern light only (fig. 14, D). Be- 
tween 21 and May 4, she received almost daily roentgen- 
lay treatments to the hypophyseal region, 850 r to the left 
side and anterior field and goo r to the right lateral field, 
ora total of 2600 r. The effectiveness of these treatments 
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Fig 14. C. Permmetric CHART OF case 4 at age of 39. Note maximum improvement in visual fields 
and acuity. D, visual fields 2 months prior to death. 
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scribed as that of a negress with black, kinky hair and an 
old scar on the left side of the chest posteriorly. The lungs 
showed a few old apical adhesions. The heart presented a 
few tiny sub-epicardial petechiae. The coronary arteries 
were extremely sclerotic throughout and in some areas 
showed 75 per cent occlusion. The cardiac valves and 
aorta were slightly sclerotic. There was an area of fibrosis, 
1 X.5 in. wide, in the posterior wall of the left ventricle. 
The liver showed moderate passive congestion and fatty 
replacement. The gall bladder, spleen and pancreas were 
normal. The kidneys were large, pale and greasy. The 








Fig. 15. A. RoznTGENOGRAM OF SKULL OF case 4. Note large 
sinuses, prognathism and large bulging sella with depressed floor 
and: thinning of anterior and posterior clinoid processes. B. 
ROENTGENOGRAM OF HAND OF case 4. Note characteristic tufting of 
terminal phalanges and osseous defects in distal phalanx of thumb. 


stomach showed many tiny petechial hemorrhages. The 
appendix was normal. About 3 ft. above the cecum a 
Meckel’s diverticulum 4 in. in length was seen. The in- 
testines contained a yellowish liquid and a few tiny pete- 
chial hemorrhages. The uterus was atrophic and the ova- 
ries were small and sclerotic. The scalp and skull were nor- 
mal. The brain weighed 1500 gm. and measured 16 X15 
X10 cm. There was moderate sclerosis at the base and 
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some edema throughout. The pituitary measured 4 cm. in 
diameter and was the site of a tremendous overgrowth 
which had caused great pressure upon the optic chiasi, 

Microscopic findings. The pituitary gland was edemat- 
ous. It consisted of heavy masses of small round cells with 
small nuclei and pink eosinophilic granules. A slivht 
amount of fibrosis was evident (fig. 16). The breasts con- 
tained dense hyaline stroma which supported small 
glands and dilated ducts that were surrounded by diffuse 
lymphocytic infiltration. The adrenals showed abund.nt 
cortical lipoid material but had normal cortical zones. 
There was some brown degeneration in the medulla. The 
ovaries presented the picture of a dense stroma without 
evidence of germinal epithelium or follicular development. 
Two small cysts lined with epithelium were seen. 

The pathological diagnoses were eosinophilic adenoma 
of the pituitary gland with acromegaly; advanced coron- 
ary sclerosis with subtotal occlusion and myocardial in- 
farction; bilateral apical pleural adhesions; Meckel’s diver- 
ticulum; sclerosis of the ovaries; atrophy of the uterus; 
chronic cystic mastitis and atrophy of the breasts. 


SUMMARY 


The acromegaly in this case began at about the age 
of 24 years with the classical symptom of amenorrhea. 
The typical skeletal changes were far advanced and 
the field of vision was seriously impaired (the patient 
had only nasal vision in one eye) when the patient 
presented herself at the age of 33. She came mainly 
because of symptoms referable to diabetes which ap 
parently had been of fairly recent origin. Pronounced 
pigmentary changes together with the characteristic 
broadening of the features combined to give this 
woman of French and Norwegian ancestry a defi 
nitely negroid appearance. 

A transphenoidal decompression with partial hypo- 
physectomy, followed by relatively small doses of 
roentgen-ray to the pituitary region, resulted in con 
siderable improvement of vision, in disappearance of 
headache and night sweats and in diminution of the 
acromegalic myxedema, but had no effect on the 
diabetes or amenorrhea. For 6 years (between 1929 
and 1935) during which time additional pituitary ir 
radiation to the extent of 1750 r was administered, 
the progress of the acromegalic changes apparently 
was held in abeyance. However, the patient's course 
was complicated by a pulmonary abscess, one bout 
of diabetic acidosis and a diffusely disseminated 
xanthomatosis. During the following 3 years, from 
1935 to 1938, the diabetes was well controlled but 
unmistakable signs of a slow but progressive enlarge 
ment and increased activity of the pituitary tumor 
appeared. Surgical treatment was recommended hut 
refused by the patient. Therefore additional pituitary 
irradiation in the amount of 2600 r was administered. 
What effect this treatment may have had cannot be 
postulated since the patient terminated her own /ife. 

Since exitus occurred only 17 days after the (ast 
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roentgen-ray treatment, this case afforded the rare 
opportunity of studying the histological effects of 
roentgen-rays on the human pituitary, or at least on 
an eosinophilic adenoma of the gland. Careful study 
of the sections showed that although there was evi- 
dence of edema and fibrosis, which were not apparent 
in the sections of the pituitary glands in the preceding 
cases, the histological changes attributable to roent- 
gen-ray therapy were minimal and not indicative of 
therapeutic effectiveness. 

An additional point of interest in this case is the 
early occurrence of amenorrhea which frequently is 
found in acromegalic women. This phenomenon is 
compatible with the presence of completely sclerotic 
ovaries and with atrophic breasts and uterus. 


DISCUSSION AND CONCLUSIONS 


Certain observations made in these 4 cases of 
acromegaly stand out in bold relief. All four patients 
came to an untimely death (at the age of 37, 45, 58 and 
43, respectively). In each instance death was caused 
by the extension or degeneration of the pituitary 
tumor or by one of the numerous complications of 
acromegaly. Even the death of suicide may be at- 
tributed directly to the disease since life under this 
handicap was no longer endurable to the patient. 

Were these untimely deaths avoidable? If so, how? 
The very characteristics of the disease, its insidious 





development, its rarity, its extremely chronic but 
cyclic course with spontaneous exacerbations and 
periods of inactivity, and its multiplicity of complica- 
tions which sometimes overshadow the evidence of 
the primary disease, all contribute to the difficulty of 
the problem. How is the status of an acromegalic to 
be evaluated at any one point in the course of his 
malady? When is the disease active, when is it quies- 
cent? When does the patient require treatment? 
When is ‘watchful waiting’ indicated? If signs of 
activity are present, what is the treatment of choice? 

The dictum heretofore generally accepted was that 
surgical intervention is warranted only when vision 
is endangered or when life is threatened by signs of 
increasing intracranial pressure. These we shall call 
the neurological considerations. Hypophysectomy for 
endocrinological reasons alone is rarely done. Roent- 
gen-ray therapy is the only alternative treatment. If 
the tumor is radio-sensitive, the response even to 
moderate dosage, as far as improvement of visual 
fields and headache are concerned, is likely to be 
prompt. But the dosage usually is insufficient to arrest 





the endocrine activity of the tumor. In other instances 
the tumor, inhibited temporarily by roentgen-ray, 
resumes its pathological activity in the course of time 
so that further treatment is required. The truth of 
this observation is demonstrated by the sections of 
the eosinophilic adenomas of the pituitaries in these 
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four cases (fig. 4, 4,9, 12 and 16). All four patients had 
some roentgen-ray therapy; the first patient had four 
courses. Nevertheless, the microscopic picture of 3 of 
the pituitary adenomas was that of actively function- 
ing tissue. The patient in Case 4 received 2600 r to 
the pituitary only 3 weeks before death; although 
there was some evidence of fibrosis, the cytological 
picture still was that of a fairly active gland. 





Fig. 16. EostNopHILic ADENOMA of anterior hypophysis of case 
4. Irradiation (2600 r), 3 weeks before suicide. Note edema and 
slight amount of fibrosis. 85. 


Besides the neurological findings and the alterations 
in sella turcica, visual fields and eye grounds, what are 
the criteria by which the intensity of the endocrine 
pathologic physiology can be evaluated? The most 
faithful observations of an acromegalic from month 
to month or from year to year may fail to impress one 
with the insidiously progressive changes in features 
and in the skeleton unless calibrated photographs are 
taken periodically for comparison. Careful follow-up 
records of head size, shoe and glove size and chest 
measurements should be made. Dental-casts offer a 
better gauge of mandibular changes and separation 
of teeth than x-ray films. Alterations in the skull and 
sella turcica should be recorded by repeated roent- 
genograms at regular intervals. These are the methods 
of measuring the bony changes. Dare we wait, how- 
ever, until these changes become measurable? They 
are irreversible. If we procrastinate we may lose the 
most favorable opportunity for prophylactic treat- 
ment. What are the signs and symptoms of ‘acro- 
megalism’? 

In our experience, any acromegalic who has an 
increased basal metabolic rate, who shows lowered 
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carbohydrate tolerance with or without glycosuria, 
who has polydipsia, polyphagia, or both, and who 
complains of excessive perspiration or night sweats, 
probably is in the active progressive stage of the dis- 
ease although signs of increased intracranial pressure, 
headache, visual disturbance and characteristic limi- 
tations in the visual fields may not have appeared. 
We do not mean to intimate that these symptoms con- 
stitute the sole evidence of activity or that activity 
may not be present without them. But until the blood 
hormone level produced by the eosinophilic adenoma 
of the pituitary can be assayed, these clinical findings 
may be utilized as guides in therapy. 

Increased basal metabolic rate. Davidoff (2) in his 
report on a study of 100 cases from Cushing's series, 
noted an increased basal metabolic rate in 70 per cent 
of 70 cases. It is noteworthy that although enlarge- 
ment of the thyroid frequently is observed (Davidoff 
found it in 25 per cent of the cases), it usually is of the 
colloid goiter type in which low cuboidal epithelium 
lines the acini. One of our patients who is undergoing 
treatment at the time of this writing illustrates this 
point very well. She is a 57-year-old woman who has 
had acromegaly for 9 years. Despite two thyroidecto- 
mies at the ages of 36 and 52 years, respectively, the 
basal metabolic rate at 57 years of age was still +30 
per cent. Following pituitary irradiation alone, the 
rate fell promptly to normal. The thyroid tissue re- 
moved 6 years previously was reported to have been 
that of a colloid goiter. 

Excessive perspiration. Davidoff (2) reported the oc- 
currence of excessive perspiration in 60 per cent of his 
cases, This symptom, which occurs during periods of 
exacerbation and disappears or diminishes during the 
relatively quiescent periods, is another index of the 
degree of activity. In women, night sweats as a result 
of ovarian failure may complicate the picture. The 
response to estrogenic therapy may help to settle this 
point. 

Polyphagia and gain in weight. Gain in weight due 
to increased food intake is likely to be one of the earli- 
est symptoms of acromegaly. Because of its transient 
character it may easily be missed if the history is 
taken later in the course of the disease. Davidoff re- 
ported polyphagia in 28 per cent and gain in weight in 
39 per cent of his series. The additional weight does 
not consist merely of increased fat but is due to an 
actual increment in body substance. Lee (11) reported 
that, in rats, injections of anterior pituitary growth 
hormone increased the appetite and the voluntary 

food consumption and promoted weight gain by 
greater deposition of proteins. Visceromegaly re- 
sulted; especially in the liver, hyperplasia of the tissue 
was evident. Furthermore, a decrease in excretion of 
urinary nitrogen occurred which was entirely due to 
a lowered output of urea; creatinine and uric acid 
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excretion did not appear to be affected. In dogs which 
had received injections of anterior pituitary growth 
hormone Teel and Watkins reported a decrease in 
blood NPN. of 20 to 30 per cent. They interpreted 
this finding as an indication of increased nitrogen re- 
tention and synthesis of proteins due to the action of 
the growth hormone. Thannhauser and Curtius (12) 
found that endogenous catabolism was increased in 
acromegalic patients. Schrire and Sharpey-Schafer (15) 
reported increased excretion of creatinine with 
marked fluctuation in four acromegalics; treatment 
with estradiol benzoate in the female and with 
testosterone propionate in the male caused return 
to normal and cessation of the fluctuation. The excre- 
tion of creatin, which also had been excessive was not 
affected. 

Hyperglycemia. Hyperglycemia, with or without 
glycosuria, in acromegaly is another index of the ac- 
tivity of the pituitary process. The incidence is given 
as ranging from 11 to 40 per cent. In Davidoff’s series, 
the incidence of diabetes was 12 per cent and that of 
glycosuria 25 per cent. In our series of 4 cases, the in- 
cidence of diabetes was 75 per cent. At this point it 
is well to emphasize that statistics on this subject are 
unreliable since time is the incalculable factor. In one 
of our acromegalics (case 1) severe diabetes developed 
in the 17th year of the disease, 6 months prior to 
death. Had death overtaken this patient 6 months 
earlier, he would have been classified as an acrome- 
galic without diabetes. On the other hand, in the 
second patient, the only one in our series who did not 
have this complication, diabetes may conceivably 
have developed during the last years of life when we 
did not observe him. 

The question whether the mechanism for the pro- 
duction of diabetes in acromegaly is the same as that 
for pancreatic diabetes is beyond the scope of this 
discussion. The work of Houssay (14) and of Long 
and Lukens (15, 16), among others, suggests that a 
different mechanism may be at work. Further elucida- 
tion of the problem may change even our present 
concepts of ordinary diabetes mellitus. Suffice it to 
say that, for practical purposes, the treatment of 
acromegalic diabetes is the same as that of diabetes in 
general unless one or both of two complicating factors 
are encountered. These are a), increased insulin re- 
sistance and b) polyphagia, which, due to the acro- 
megaly per se and not to the diabetes, make dietary 
management more difficult. On the other hand, im 
provement of impaired carbohydrate tolerance has 
been reported to have resulted from pituitary irradi 
ation (17). 


Therapy 


In weighing the modes of treatment in acromegaly, 
we do not assume to lay down rules on basis of the 
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four cases described here, but we merely wish to 
point out some of the problems commonly encoun- 
tered. 

Roentgen-ray therapy. At the present time pituitary 
irradiation is the most effective form of therapy. 
Vaughan (18), reporting a series of 53, patients with 
acromegaly who were treated by pituitary irradiation, 
recommended 9g doses of 300 r each on successive days 
through 3 different portals. He observed as a result, 
prompt symptomatic relief of headache and visual 
impairment, cessation of polydipsia and polyuria, im- 
provement of acromegalic myxedema and personality 
changes, as well as general improvement and a feeling 
of well being. He advised that if no improvement oc- 
curced the tumor should be considered radio-resistant 
but the treatment should nevertheless be repeated in 
20r 3 months. If, then, no remission is produced, the 
tumor should be considered as definitely radio-resist- 
ant. He warned that the total dose of 2700 r may be 
followed by a period of lethargy, lowered vitality and 
by a lowered basal metabolic rate; that the patient 
may become uncomfortable and susceptible to infec- 
tions and complications, but that usually he returns 
to normal after 1 or 2 months. Armed with this 
knowledge, the patient, as well as his physician, may 
be saved unnecessary discouragement over the im- 
mediate results of pituitary irradiation. We believe, 
however, that the ultimate success of radiotherapy in 
acromegaly is achieved by application of repeated 
series of adequate dosage. One should not be content 
merely to relieve the headache and improve the visual 
felds; but one should exert every effort to control the 
endocrinopathic hyperactivity. Subsequently one 
should not wait until headache and visual disturb- 
ances have recurred before repeating irradiation. One 
should be ready to apply therapy at the first signs of 
increasing endocrine activity. Thus, the emphasis 
must be placed squarely on alert and scrutinizing 
follow-up. Since it is very easy to lose perspective in 
a disease of such long duration and such insidious 
course, one of us (M. B. G.) has devised a tabular 
chart for a periodic check-up of acromegalics (table 1). 

Sex hormones. Marrian and Butler (19) showed that 
large doses of estrogen decreased pituitary activity 
while small doses might stimulate it. Kirklin and 
Wilder (20) and Schrire and Sharpey-Schafer (13) uti- 
lized this principle in the treatment of acromegaly. 
The latter workers used estradiol benzoate in women 
and testosterone propionate in men. We believe that 
these and related substances are valuable adjuvants to 
therapy when they are indicated. In our own experi- 
ence two patients have been benefited by such treat- 
ment (21). 

Surgical'therapy. We deplore the laissez faire policy 
which characterizes the treatment of acromegalics in 
whom life or vision are not immediately threatened. 
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Should not the surgical approach to this problem be 
considered more often in cases of young and early 
acromegalics to the end that such monstrosities as the 
patient in case 2 may be prevented? Surely, neuro- 
surgery, with its ever-receding percentage of fatalities 
deserves a more prominent place in the treatment of 
acromegaly for endocrinopathic reasons alone, even 
when signs of increased intracranial pressure are 
absent. The sella turcica in this disease is greatly en- 
larged in the majority of cases and therefore is readily 
accessible to the expert neurosurgeon. 

Strikingly illustrative of this argument is a recent 
experience of the authors, both of whom were called 
in consultation in the case of a 23-year-old girl whose 


TABLE 1. PROGRESS CHART FOR ACROMEGALICS 


Name: No.: Sex: S.M.W.D. 
Date of Birth: Race: Occupations 
Date of Onset: Age: Earliest Symptoms: 
Date First Seen: Age: Presenting Symptoms: 











| Date Date | Date | Date 


Skeletal changes 





Headache 





Visual disturbances 
(subj. and obj.) 





| 
| 


Excessive sweating 
Night sweats 





Somnolence 
Lethargy, weakness | 





Catanemia 
Libido | | 
Potentia 





Polyuria 
Polydipsia | 





Polyphagia 





Weight | 





Pulse 
Blood pressure 





Urinalysis 


Blood sugar 
Blood sugar tolerance | 








Blood chemistry | | | | 
BM.R. | eatai2 | 











Photographs | | 
| 


Dental casts 








Therapy 
Surgery 
X-Ray 
Other | 





Remarks | 
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acromegaly was complicated by diabetes mellitus, 
renal impairment, malignant hypertension, tachy- 
cardia, goiter, increased basal metabolic rate, amenor- 
rhea, heterosexual hypertrichosis and somewhat en- 
larged clitoris. Even before the age of 20 years this 
girl had had some limitation of the visual fields which 
seemingly was corrected by pituitary irradiation. 
Nevertheless, when she was 21 years old, one of us 
(H. L.) considered the acromegaly in this patient to 
be in a progressive hyperactive state and urged sub- 
total hypophysectomy because postponement of such 
radical therapy involved the greater hazard of a more 


TABLE 2, ANTHROPOMETRIC MEASUREMENTS OF CASE I 








Taken August 14, 1928 Patient's age, 





28 yr. 

Weight 192 Ib. 
Height, standing 167.7 cm. 
sitting 92.0 cm, 

Chest, circumference 103.8 cm. 
breadth (transverse) 32.4 cM. 

depth 27.6.cm. 
Shoulder, biacromial 40.6 cm. 
Pelvis, bicristal 29.8 cm. 
Head, length 19.7 cm. 
breadth 15.9 cm. 

ear height 12.9 cm. 

face length 12.7 cm. 

face breadth 15.8 cm. 

nose length 5.2 cm. 

nose breadth 4-7.cm. 
Hand, length 18.8 cm. 
breadth 9.8 cm. 





dangerous condition later. The patient and her family 
refused operation. A year later radiation therapy was 
again attempted but two courses proved ineffectual. 
Three months after the last treatment surgical inter- 
vention became imperative because of sudden and 
severe visual impairment. The patient died 12 hours 
postoperatively from respiratory failure due to un- 
controllable edema of the brain. Therapy in this case 
had been too little and too late. 

In conclusion, therefore, we urge consideration of 
a more radical attitude toward partial hypophysec- 
tomy at least in those patients who have not re- 
sponded completely to adequate pituitary irradiation. 
This recommendation is based on the same thesis as 
that which justifies remoyal of a parathyroid adenoma 
for osteitis. fibrosa cystica (hyperparathyroidism), of 
an islet cell tumor for hyperinsulinism, of a pheo- 
chromocytoma for paroxysmal hypertension, of 
adrenal cortical tumors which cause sexual precocity 
or masculinization, of granulosa cell tumors, of ar- 
rhenoblastoma and finally, subtotal removal of the 
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TaBLe 3. ANTHROPOMETRIC MEASUREMENTS OF 
Case 2 
July 25 
August 7, 1936 
1928 (post- 
mortem) 
Weight 268 Ib. 265 Ib+ 
Height, standing 178.2cm. 188 cm. 
sitting 94.0 cm. 
Head, occipital frontal circumference 62.9 cm. 
occipito-supraorbital circumfer- 
ence 87.3 cm. 
bregma mental 78.2 cm. 
length 21.9cm. 25.4¢M. 
breadth 16.3 cm. 
ear height 13.7 cm. 
Face, length 16.5 cm. 
breadth 16.1 cm. 
Nose, length 6.8 cm. 
breadth 5.0cm. 
Neck 43.2.cm. 
Thorax, circumference at 4th costo- 
sternal junction 120.0cm. 112.0cm. 
4th 117.5 cm. 
1oth 116.2 cm, 
breadth (transverse) 36.8 cm. 
depth (AP) (unsatisfactory) 33.7 cm. 
Torso, length—acromion to AS spine 57.8 cm. 
7th cervicle to tip of coccyx 66.0 cm. 
circumference at level of tro- 
chanters 112.0 cm. 
Shoulder, bi-acromion 42.2cm. 
Arms, length, acromion to tip of 2nd 
finger 88.8 cm. 
acromion to olecranon 40.4cMm. 
olecranon to styloid of 
ulna 32.8 cm. 
circumference of biceps 30.5 cm. 
of forearm 24.1 cm. 
Hands, greatest length, dorsal 21.4cM. 21.5 cm. 
palmar 18.4 cm. 
circumference, heads of 
metacarpals 27.9 cm. 
thumb at first phalanx 9.5 cm. 
Ist finger 9.5 cm. 
2nd finger 9.5 cm. 
3rd finger 9.2m. 
4th finger 9.ocm. 
at wrist 21.9 cm. 
breadth 11.2 cm. 
Pelvis, bi-trochanteric 37.0 cm. 
Legs, circumference, mid-thigh 49.0 cm. 
Ca. 34.7 cm. 
malleolus 29.2. cm. 
length—AS spine to tip of 1st 
toe 108.0 cm. 
trochanter to head of fibula 38.8 cm. 
Feet, length, heel to top of first toe 29.0 cm. 
circumference, mid tarsal 27.3 Mm. 
heads of metatarsals 27.3 cm. 


great toe 


12.0c¢M. 
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thyroid for hyperthyroidism. Radical reduction or 
excision of the hyperfunctioning tissue constitutes 
the most logical and the most direct approach. The 
risks involved are not excessive as compared to the 
hideous deformities and dangerous complications 
which almost always eventuate in neglected acro- 
megalics. Of this disease it may truly be said, “Time 
marches on.” 


We are indebted to Dr. Robert Stone and Dr. J. Williams, 
rocntgenologists, for their aid in reporting the details of technique 
ani dosage of pituitary irradiation. We gratefully acknowledge 
the opportunity to report the pathological findings in autopsies 
pe:formed by Dr. Charles Connor (deceased), Dr. Jesse Carr, 
and Dr. C. E. Smith and Dr. Dale Barbour as well as the Depart- 
ment of Pathology, Stanford University Medical School (case 3). 
We appreciate the advice and cooperation of Dr. Howard Naff- 
ziger “‘- his associates of the Department of Neurosurgery 
(case 2). 

ADDENDA 


The following statistical information is added for the 
benefit of those readers who may be especially interested. 


Synopsis of Roentgen-ray Therapy 


Case 1: In 1923 the patient received a course of pitui- 
tary irradiation the amount of which is impossible to de- 
termine but which apparently did not produce epilation. 
Between June 4 and July 8, 1929, he received 2 treatments 
to each temporal region on a 120 K.V. apparatus, directed 
at a field 12X12 cm. Apparently 250 r were administered 
to each side of the head. In 1931 treatment was given on a 
200 K.V. apparatus with a filter of 0.5; mm. Cu and 1 mm. 
Al at a 50 cm. focus-skin distance over an area 4 cm. in 
diameter. Twelve treatments were given at weekly in- 
tervals, 6 to the right and 6 to the left temporal region, 
or a total of 1050 r to each side. Between Dec. 13, 1933, 
and June 7, 1934, he received 18 treatments with rotation 
through 3 portals, the right temporal, the left temporal 
and the anterior. A 200 K.V. apparatus was used with a 
filter of 0.2 mm. Sn, 0.25 mm. Cu and 1 mm. Al at a 50 
cm. skin target distance. The area irradiated was 6 X6 
cm. In all 1200 r were given through each portal, or a total 
of 3600 r. 

Case 2: The patient was treated to the right side of his 
head, aiming at the pituitary, on July 20 and on Aug. 
21, and to the left side of his head, aiming at the pituitary, 
on July 31 and on Aug. 28, 1923. It is impossible to esti- 
mate the number of roentgens administered during the 
treatments given in 1923. A 1o-inch spark gap apparatus 
was said to have been used. The filter was 0.5 mm. Cu 
and 1 mm. Al. The distance of the target was 14 in. On 
July 20, 280 milliampere-minutes were given; on July 31, 
about 400; on Aug, 21, 300; and on Aug, 28, 420. 
The closest estimate of the dosage would be 15 r to every 
10 milliampere-minutes. 

Case 3: The patient received 4 treatments of 200 r each 
to the right and left temporal regions on June 20, 24, 28 
and Aug. 20, 1935. A 200 K.V. apparatus was used with a 
filter of o.; mm. Cu and 1 mm. Al. The focus-skin dis- 
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tance was 40 cm. and the area irradiated was 9 cm. in 
diameter. The total dose was 800 r (in air) to each tem- 
poral area. 

Case 4: The patient first received roentgen-ray treat- 
ment in 1928. On Nov. 2 and 7, she was treated to 
the left side of the head aiming at the pituitary and on 
Nov. 5 and 9, to the right side of the head aiming at 
the pituitary. On each occasion she received 150 milli- 
ampere-minutes with an apparatus running at 120 K.V. 
The radiation was filtered through 0.25 mm. Cu and 1 mm. 
Al. The distance of the skin target was 15 in. Calculating 
from our present knowledge, we would say that between 
Nov. 2 and 9, 1928, the patient received about 350 r at 
each treatment, or a total of 700 r to the left and 700 r to 
the right side. 

The patient was again treated in November, 1929, at 
which time the same fractions were given. Similar treat- 
ments were administered between Nov. 1 and 11, 
with the exception that 3 treatments were given to the 
left (Nov. 1, 6 and 11) and 2 to the right side (Nov. 
4 and 6). 

In 1938 most of the treatment was given on the 1000 
K.V. apparatus with filtration of 2 mm. of lead. The 
treatments were rotated through from the right lateral, the 
left lateral and the anterior portals, so that between April 
21 and May 4 the patient received treatment almost every 
day, the amount being 850 r (in air) to the left side and to 
the anterior field and goo r to the right lateral field. 
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is followed by a decrease in tolerance for glu- 

cose has been reported (1). In an attempt to 
explain the mechanism involved, studies have been 
extended to rabbits. Glucose tolerance and liver and 
muscle glycogen have been determined when no 
treatment has been given, and when methyl testo- 
sterone and testosterone propionate have been ad- 
ministered. The fact that there is a marked increase 
in the basal metabolic rate of the animal treated with 
methyl testosterone suggested that the hypermetabo- 
lism itself might be affecting the glucose tolerance in 
a manner similar to that operative in hyperthyroid- 
ism. To study this, determinations were made of the 
glucose tolerance of thyroidectomized rabbits before 
and after treatment with methyl testosterone. Rats 
were also treated with methyl testosterone and the 
values for liver glycogen compared with those in 
normal controls. Similarly, the liver glycogen of hy- 
pophysectomized rats without treatment and with 
methyl testosterone therapy were compared. 


T HAT THE UsE Of methyl testosterone in patients 


EXPERIMENTAL METHODS 


Rabbits; normal animals. Adult male rabbits 
ranging in weight from 2.7 to 3.5 kg. were used. They 
were fed a constant diet of oats, hay, and carrots. 
Water was allowed ad libitum. The food was with- 
held for 24 hours before the beginning of a test period. 
Glucose tolerance was determined. Seven and one- 
half gm. of glucose dissolved in 35 cc..of water was 
given by stomach tube for the oral tests. Fifteen cc. 
of a 50 per cent glucose solution was injected for the 
intravenous tests. Blood samples were collected from 
the ear vein o, 0.5, 1, 2, 3, and 4 hours after the ad- 
ministration of glucose. Blood glucose was determined 
using the Somogyi modification of the microShaffer- 
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Hartmann method (2). The urine excreted during the 
test period was collected and tested for glucose. If 
any was present, a quantitative determination using 
the quantitative Benedict's reagent was made (2b). 

Methy] testosterone was administered orally, daily 
in doses of 5, 10, or 20 mg. The rabbits receiving the 
testosterone propionate were injected daily with 5, 
7.5, or 10 mg. of the hormone dissolved in sesame oil. 
The sugar tolerance curves were determined from 
time to time during the period of treatment. When no 
further modification in the curve occurred, the animals 
were killed, and the liver and muscle glycogen content 
were determined (3). The rabbits were placed under 
nembutal anesthesia, the gastrocnemius muscle was 
dissected out as rapidly as possible and immediately 
frozen in dry ice. The liver was quickly exposed and 
representative sections from each lobe were dropped 
into 30 per cent KOH solution. The testes, seminal 
vesicles, prostate, adrenals, pituitary, and a piece of 
pancreas, liver, and kidney were saved for histological 
study. Normal untreated rabbits which had been on 
the standard diet for at least 4 weeks were used for 
normal control glycogen determinations. 

Thyroidectomized animals. Rabbits were thyroidec’ 
tomized under nembutal anesthesia. Following opera’ 
tion they were injected with 10 units of parathormone 
and were given § grains of calcium lactate and so 
units of vitamin D daily. After two weeks the para’ 
thormone was discontinued, but the other treatment 
was given throughout the experimental period. 


Rats. A group of 22 normal male rats 104 days of 


_ age and of approximately the same body weight wis 


selected. They were fed a constant diet of Purina 
dog chow, bread, and lettuce. Eleven of the anima's 
were given 5 mg. of methyl testosterone per day oral y 
and 11 were used as controls. After 38 days of trea‘ 
ment they were killed 24 hours after withdrawal of 
food, and the liver glycogen levels were determine J. 
Two groups of male rats were hypophysectomized. 
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- Taste 1. SUGAR TOLERANCE OF RABBIT 6, TREATED WITH METHYL TESTOSTERONE 














Days of 
Treatment Body Dextrose, Urine Blood Sugar, mg/100 cc. 
Date with1omg. Weight, Given, Glucose, stese 
Methyl kg. 7.5 gm. gm. Fasting hr. 1 hr. 2 hr. 3 hr. 4 hr. 
Testosterone 
4/10/41 ro) 2.88 Orally re) 92 149 174 166 124 107 
7/14/41 fe) 2.85 Orally ) 100 141 174 162 115 115 
7/31/41 8 Orally re) 100 141 166 149 107 107 
8/ 7/41 15 2.84 Orally re) 107 182 190 153 107 100 
8/14/41 22 Orally ) 100 198 224 174 132 100 
8/21/41 29 2.81 Orally ° 107 190 215 174 141 100 
o/ 3/41 42 2.82 Orally ° 100 190 207 174 149 107 
4/17/41 ° 2.88 Intravenously 1.8 100 524 321 124 100 83 
7/21/41 ° Intravenously 1.8 97 518 330 127 88 97 
8/27/41 35 2.83 Intravenously 2.16 100 487 380 157 115 107 





The first group was 152 days of age at operation, 
and the second group was 88 days old. Half of each 
group was given 5 mg. of methyl testosterone per day, 
starting the second day after operation; half received 
no treatment and were used as controls. Thirty days 
after operation they were killed 10 hours after with- 
drawal of food, and liver glycogen values were de- 
termined. Each animal was checked for completeness 
of hypophysectomy; the testes were weighed. 


RESULTS 


Rabbits. Following 22 days of treatment with 10 
mg. of methyl testosterone daily, the sugar tolerance 
curve in the rabbit showed a definite deviation from 
normal. The level to which the blood sugar rose was 
increased, and the return to:normal was prolonged. 
A modification in the curves following both the oral 
and intravenous administration was observed. After 
15 days a questionable deviation from normal was 
observed. After 29 days the maximum variation was 
established, and further treatment for as long as 45 
days produced no additional effect. Table 1 gives the 
data on rabbit 6 and are typical of that observed in 


the other 8 rabbits similarly treated. The dosage of 
methyl testosterone appeared to play little part in the 
time of onset of the change in sugar tolerance. Rabbits 
receiving 10 mg. per day showed a modified tolerance 
at about the same time as those receiving 20 mg. per 
day. Two of the 3 animals receiving 5 mg. per day 
showed a modified curve in 29 days, whereas the 
third showed no significant change until after 36 days 
of treatment. 

In 6 animals, after extensive treatment with methyl 
testosterone and after a maximum change had been 
observed in the sugar tolerance, additional carbo- 
hydrate (15 gm. sugar per day) was included in the 
diet. One week later the sugar tolerance curves were 
found to be within normal limits. In these animals, 
as in other animals with depleted glycogen stores, 
there appeared to be a diminution in glucose toler- 
ance. Provided with additional carbohydrate, the 
animal was able to restore the glycogen stores to 
normal levels. Figure 2 shows the glycogen values in 
the 3 animals killed at this time. Two weeks after the 
withdrawal of the extra carbohydrate, the 3 rabbits 
again showed a decreased tolerance (table 2). 


TABLE 2. BLOOD GLUCOSE VALUES IN RABBIT 1§ RECEIVING METHYL TESTOSTERONE 
AND HIGH CARBOHYDRATE DIET 



































Glucose, mg. per 100 cc. of Blood 
Date Treatment Fasting : 
(after 7.5 3 hr. 1 hr. 2 hr. 3 hr. 4 hr. 
gm. glucose) 
10/ 3/41 None 83 174 194 149 122 100 
10/24/41 None 92 182 182 149 107 83 
12/23/41 Methyl test, 5 mg. per day, 39 days 92 188 215 169 141 115 
1/29/42 Methy] test, 5 mg. per day, 69 days. Last 92 190 190 149 107 96 
14 days given 15 gm. additional carbo- 
hydrate in diet 
1/30/42 Added carbohydrates withdrawn from 
diet 
2/19/42 Methyl test, 5 mg. per day, 90 days 83 188 207 166 141 107 
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is followed by a decrease in tolerance for glu- 

cose has been reported (1). In an attempt to 
explain the mechanism involved, studies have been 
extended to rabbits. Glucose tolerance and liver and 
muscle glycogen have been determined when no 
treatment has been given, and when methyl testo- 
sterone and testosterone propionate have been ad- 
ministered. The fact that there is a marked increase 
in the basal metabolic rate of the animal treated with 
methyl testosterone suggested that the hypermetabo- 
lism itself might be affecting the glucose tolerance in 
a manner similar to that operative in hyperthyroid- 
ism. To study this, determinations were made of the 
glucose tolerance of thyroidectomized rabbits before 
and after treatment with methyl testosterone. Rats 
were also treated with methyl testosterone and the 
values for liver glycogen compared with those in 
normal controls. Similarly, the liver glycogen of hy- 
pophysectomized rats without treatment and with 
methyl testosterone therapy were compared. 


T HAT THE UsE Of methyl testosterone in patients 


EXPERIMENTAL METHODS 


Rabbits; normal animals. Adult male rabbits 
ranging in weight from 2.7 to 3.5 kg. were used. They 
were fed a constant diet of oats, hay, and carrots. 
Water was allowed ad libitum. The food was with- 
held for 24 hours before the beginning of a test period. 
Glucose tolerance was determined. Seven and one- 
half gm. of glucose dissolved in 35 cc..of water was 
given by stomach tube for the oral tests. Fifteen cc. 
of a 50 per cent glucose solution was injected for the 
intravenous tests. Blood samples were collected from 
the ear vein 0, 0.5, 1, 2, 3, and 4 hours after the ad- 
ministration of glucose. Blood glucose was determined 
using the Somogyi modification of the micro-Shaffer- 
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Hartmann method (2). The urine excreted during the 
test period was collected and tested for glucose. If 
any was present, a quantitative determination using 
the quantitative Benedict's reagent was made (2b). 

Methy] testosterone was administered orally, daily 
in doses of 5, 10, or 20 mg. The rabbits receiving the 
testosterone propionate were injected daily with 5, 
7.5, or 10 mg. of the hormone dissolved in sesame oil. 
The sugar tolerance curves were determined from 
time to time during the period of treatment. When no 
further modification in the curve occurred, the animals 
were killed, and the liver and muscle glycogen content 
were determined (3). The rabbits were placed under 
nembutal anesthesia, the gastrocnemius muscle was 
dissected out as rapidly as possible and immediately 
frozen in dry ice. The liver was quickly exposed and 
representative sections from each lobe were dropped 
into 30 per cent KOH solution. The testes, seminal 
vesicles, prostate, adrenals, pituitary, and a piece of 
pancreas, liver, and kidney were saved for histological 
study. Normal untreated rabbits which had been on 
the standard diet for at least 4 weeks were used for 
normal control glycogen determinations. 

Thyroidectomized animals. Rabbits were thyroidec- 
tomized under nembutal anesthesia. Following opera- 
tion they were injected with 10 units of parathormone 
and were given § grains of calcium lactate and so 
units of vitamin D daily. After two weeks the pari 
thormone was discontinued, but the other treatment 
was given throughout the experimental period. 


Rats. A group of 22 normal male rats 104 days of 
age and of approximately the same body weight wis 
selected. They were fed a constant diet of Purina 
dog chow, bread, and lettuce. Eleven of the anima's 
were given 5 mg. of methyl testosterone per day oral'y 
and 11 were used as controls. After 38 days of trea: 
ment they were killed 24 hours after withdrawal of 
food, and the liver glycogen levels were determine. 
Two groups of male rats were hypophysectomized. 
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- TABLE 1. SUGAR TOLERANCE OF RABBIT 6, TREATED WITH METHYL TESTOSTERONE 














Days of 
Treatment Body Dextrose, Urine Blood Sugar, mg/r100 cc. 
Date with 1omg. Weight, Given, Glucose, seniete 
Methyl kg. 7.5 gm. gm. Fasting 3 hr. 1 hr. 2 hr. 3 hr. 4 br. 
Testosterone 
9/10/41 ) 2.88 Orally re) 92 149 174 166 124 107 
7/14/41 fe) 2.85 Orally rc) 100 141 174 162 115 115 
7/31/41 8 Orally fo) 100 141 166 149 107 107 
8/ 7/41 15 2.84 Orally re) 107 182 190 153 107 100 
8/14/41 22 Orally ° 100 198 224 174 132 100 
8/21/41 29 2.81 Orally Co) 107 190 215 174 141 100 
9/ 3/41 42 2.82 Orally ° 100 190 207 174 149 107 
7/17/41 ° 2.88 Intravenously 1.8 100 524 321 124 100 83 
7/21/41 ° Intravenously 1.8 97 518 330 127 88 97 
8/27/41 35 2.83 Intravenously 2.16 100 487 380 157 115 107 





The first group was 152 days of age at operation, 
and the second group was 88 days old. Half of each 
group was given 5 mg. of methyl testosterone per day, 
starting the second day after operation; half received 
no treatment and were used as controls. Thirty days 
after operation they were killed 10 hours after with- 
drawal of food, and liver glycogen values were de- 
termined. Each animal was checked for completeness 
of hypophysectomy; the testes were weighed. 


RESULTS 


Rabbits. Following 22 days of treatment with 10 
mg. of methyl testosterone daily, the sugar tolerance 
curve in the rabbit showed a definite deviation from 
normal. The level to which the blood sugar rose was 
increased, and the return to-normal was prolonged. 
A modification in the curves following both the oral 
and intravenous administration was observed. After 
15 days a questionable deviation from normal was 
observed. After 29 days the maximum variation was 
established, and further treatment for as long as 45 
days produced no additional effect. Table 1 gives the 
data on rabbit 6 and are typical of that observed in 


the other 8 rabbits similarly treated. The dosage of 
methyl testosterone appeared to play little part in the 
time of onset of the change in sugar tolerance. Rabbits 
receiving 10 mg. per day showed a modified tolerance 
at about the same time as those receiving 20 mg. per 
day. Two of the 3 animals receiving 5 mg. per day 
showed a modified curve in 29 days, whereas the 
third showed no significant change until after 36 days 
of treatment. 

In 6 animals, after extensive treatment with methyl 
testosterone and after a maximum change had been 
observed in the sugar tolerance, additional carbo- 
hydrate (15 gm. sugar per day) was included in the 
diet. One'week later the sugar tolerance curves were 
found to be within normal limits. In these animals, 
as in other animals with depleted glycogen stores, 
there appeared to be a diminution in glucose toler- 
ance. Provided with additional carbohydrate, the 
animal was able to restore the glycogen stores to 
normal levels. Figure 2 shows the glycogen values in 
the 3 animals killed at this time. Two weeks after the 
withdrawal of the extra carbohydrate, the 3 rabbits 
again showed a decreased tolerance (table 2). 


TABLE 2. BLOOD GLUCOSE VALUES IN RABBIT I§ RECEIVING METHYL TESTOSTERONE 
AND HIGH CARBOHYDRATE DIET 
































Glucose, mg. per 100 cc. of Blood 
Date Treatment Fasting | 
(after 7.5 $ hr. 1 hr. 2 hr. 3 hr. 4 hr. 
gm. glucose) 
10/ 3/41 None 83 174 194 149 122 100 
10/24/41 None 92 182 182 149 107 83 
12/23/41 Methyl test, 5 mg. per day, 39 days 92 188 215 169 141 115 
1/29/42 Methyl test, 5 mg. per day, 69 days. Last 92 190 190 149 107 96 
14 days given 15 gm. additional carbo- 
hydrate in diet 
1/30/42 Added carbohydrates withdrawn from 
diet 
2/19/42 Methyl test, 5 mg. per day, go days 83 188 207 166 141 107 
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Treatment with testosterone propionate, on the 
other hand, did not significantly modify the sugar 
tolerance curves of the treated rabbits. Treatment for 
as long as 55 days with 10 mg. of testosterone pro- 
pionate per day was ineffective in modifying the 
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testosterone to maintain a normal liver glycogen. 

The muscle glycogen level of neither the animals 
treated with testosterone propionate, or methyl 
testosterone, nor those receiving the methyl testo- 
sterone and high carbohydrate diet was significantly 



















Fig. 1. Bloop suGaR cuRVES of a nor- 
mal rabbit before and after treatment 
with testosterone propionate. 
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tolerance for glucose. Figure 1 shows the results ob- 
tained on Rio and is typical of the values obtained 
on the 5 rabbits thus treated. 

The rabbits receiving methyl testosterone and 
testosterone propionate showed no increase in body 
weight. A gain in weight, caused chiefly by retention 
of fluid, frequently is observed in the human being 
receiving large amounts of these hormones. 

Figure 2 shows the liver and muscle glycogen 
values of the normal rabbits and of the animals re- 
ceiving treatment with methyl testosterone and testo- 
sterone propionate. The average control level of liver 
glycogen was 0.568 gm. per cent, the range being 
from 0.445 to 0.740 gm. per cent. In the animals 
treated with methyl testosterone the average liver 
glycogen was 0.338 gm. per cent, the range being 
from 0.242 to 0.417 gm. per cent. In the animals 
treated with testosterone propionate the average 
liver glycogen was 0.757 gm. per cent, the range being 
from 0.611 to 0.840 gm. per cent. In the animals re- 
ceiving methyl testosterone and a high carbohydrate 
diet, the average liver glycogen was 0.650 gm. per 
cent, the range being from 0.532 to 0.800 gm. per 
cent. The level of liver glycogen thus was markedly 
decreased following prolonged treatment with methyl 
testosterone and was somewhat increased following 
testosterone propionate treatment. A high carbo- 
hydrate diet enabled the animal treated with methyl 
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Fig. 2. MuscLe AND LIVER GLYCOGEN of rabbits treated 
and untreated with methyl testosterone. 
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altered from the normal. The average control level of . 


muscle glycogen was 0.311 gm. per cent (range 0.248 
to 0.385 gm. per cent). The average for the animals 
treated with methyl testosterone was 0.338 (range 
0.283 to 0.387) gm. per cent; that for the animals re- 
ceiving methyl testosterone and a high carbohydrate 
dict was 0.36 (range 0.322 to 0.380) gm. per cent; and 
that for the group treated with testosterone propio- 
nate was 0.351 (range 0.284 to 0.384) gm. per cent. 
Thyroidectomized animals. The studies of glucose 
tolerance of the thyroidectomized rabbits were 
started 5 weeks after operation. After oral and intra- 
venous tolerance curves had been determined, treat- 
ment with methyl testosterone was instituted. Figure 
; summarizes the results obtained on R18, one of the 
3 animals thus treated. Any modification in the glu- 


Taste 3. Errect OF METHYL TESTOSTERONE ON LIVER GLYCOGEN 
OF NORMAL AND HYPOPHYSECTOMIZED RATS 





























Age at : 
Operation Liver 

: Testes 

ne . han Treatment es Weight, 
Experiment, gm. % | &™ 

days 
I 104 None -252 2.9 
2 104 None .380 2.9 
3 104 None 232 2.8 
4 104 None 346 2.2 
5 104 None -330 3.4 
6 104 None 378 2.8 
7 104 None .298 3 
8 104 None .320 2.6 
9 104 None 216 2.0 
10 104 None -274 2.5 
Il 104 None 342 2.8 
Average! | - 306 | 2.57 
VT 104 5 mg. meth. testost. -247 1.4 
2-T 104 / day 231 A 
3-T 104 38 days 211 1.5 
4°T 104 38 days -194 1.6 
5-T 104 38 days 245 1.5 
6-T 104 38 days .190 1.0 
VT 104 38 days 218 1.9 
8-T 104 38 days -144 1.9 
9-T 104 38 days .220 1.5 
10-T 104 38 days .236 1.7 
11-T 104 38 days 123 1.7 
Average | 209 | 1.56 

2-0 88 hypophysectomized 1.38 5% 
6-0 88 hypophysectomized 1.46 0.5 
40 88 hypophx.-methyl test.| 1.62 0.9 
5-0 88 hypophx.-methyl test.} 1.48 1.0 
7-0 88 hypophx.-methyl test.} 1.33 0.9 
3-0 88 incomplete hypophx. | 2.36 1% 
90 152 hypophysectomized 1.38 0.5 
10-0 152 hypophysectomized .88 0.4 
11-0 152 hypophysectomized 1.40 0.7 
14-0 152 hypophysectomized 1.63 0.8 
15-0 152 hypophysectomized 1.55 0.6 
8-0 152 hypophx.-methyl test.} 1.18 0.7 
13-0 152 hypophx.-methyl test.| 0.80 1.0 
12-0 152 incomplete hypophx. | 1.78 2.6 
16-0 152 incomplete hypophx. | 2.46 2.9 
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Fig. 3. Boop sucar curves of a thyroidectomized rabbit 
before and after treatment with methy] testosterone. 





cose tolerance of the thyroidectomized animal follow- 
ing methyl testosterone treatment was very slight, 
and the period of treatment before the questionable 
change was much longer than that required for maxi- 
mum change in the normal animal treated with methyl 
testosterone. 


Rats. Table 3 summarizes the results on the un- 
operated rats and the hypophysectomized animals. In 
the unoperated group a decrease in liver glycogen 
was observed following hormone administration 
which was similar to that observed in the rabbits 
treated with methyl testosterone. In the operated 
groups the range of liver glycogen levels was so great 
that definite conclusions could not be drawn. How- 
ever, there appeared to be no significant variation be- 
tween the untreated operated animals and the group 
treated with methyl testosterone. 


DISCUSSION 


The fact that no significant change in the muscle 
glycogen of the rabbits was observed following treat- 
ment with testosterone propionate is in agreement 
with the findings of Gaunt et al. (4) in rats. However, 
they observed no significant modification in the liver 
glycogen. That our animals received treatment for a 
very much longer period may account for the differ- 
ence. Although the slight increase found by us ap- 
pears to be statistically significant, the change is small 
in comparison with that produced by cortical extract 
and some other hormone preparations. 
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Cahone et al. (5) reported a decreased muscle 
glycogen in guinea pigs following testosterone pro- 
pionate treatment. The range of glycogen levels in 
their group of control animals (0.938 to 5.3'72 per 
cent) and of treated animals (0.764 to 4.509 gm. per 
cent) was so great that the decrease, as judged by the 
means of 3.11 and 2.04, probably is not significant. 

Winter et al. (6) reported that phlorhizin glyco- 
suria in the rat is greatly inhibited by pretreatment 
with testosterone. They attributed the decrease in 
glycosuria to the protective action of the testosterone 
on the convoluted tubules of the kidney. It would ap- 
pear possible that part of the decreased glycosuria 
might be due to decreased glycogen stores similar to 
those observed by us following methyl testosterone 
treatment. 

The modification in glucose tolerance and carbo- 
hydrate storage observed following the prolonged ad- 
ministration of methyl testosterone seems to depend 
upon the action of other endocrine glands. In the 
absence of the thyroid or pituitary gland the changes 
were not observed. There is no proof that the whole 
modification is dependent upon these glands, and 
other mechanisrrs may also be involved. The fact that 
the animal treated with methyl testosterone was able 
to maintain normal carbohydrate stores and. showed a 
normal glucose tolerance if greatly increased amounts 
of carbohydrate were given in the diet would indicate 
that the disturbance was due to increased utilization 
rather than to an inability to store carbohydrate. 


LENA A. LEWIS AND E. PERRY McCULLAGH 
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SUMMARY 

The glucose tolerance of rabbits was decreased “ol- 
lowing prolonged treatment with large doses of 
methyl testosterone. No modification in glucose 
tolerance was observed following a similar perioc of 
treatment with testosterone propionate. Thyroicec. 
tomized animals showed no apparent modification or 
a very slight decrease in sugar tolerance following pro 
longed treatment with methyl testosterone. 

The level of liver glycogen of rabbits treated with 
methyl testosterone, and showing a modified suzar 
tolerance, was well below that of untreated normal 
controls. Following testosterone propionate treatment 
the liver glycogen was slightly but significantly in- 
creased. The muscle glycogen of neither group of 
treated animals was altered significantly. 

The liver glycogen of rats treated with methyl 
testosterone was lower than that of untreated con- 
trols. There appeared to be no significant difference 
between the liver glycogen level of hypophysecto- 
mized untreated rats and hypophysectomized rats re- 
ceiving methyl testosterone. 

In the absence of the thyroid or pituitary gland, no 
modification in glucose tolerance or carbohydrate 
storage was observed following prolonged administra- 
tion of methyl testosterone. 


We wish to thank Dr. Max Gilbert of the Schering Corp., 
Bloomfield, N. J., for the methyl testosterone and testosterone 
propionate used in these experiments. 

We are indebted to Dr. Owen Reeves for hypophysectonizing 
the rats. 


REFERENCES 


. McCuttacs, E. P., anp R. Jones: A note on the effect of 
certain androgens upon the red blood cell count and upon 
the glucose tolerance. Cleveland Clin. Quart. 8:'79. 1941. 

. Perers, J. P., anv D. D. van Styxe: Quantitative Clinical 
Chemistry. The Williams and Wilkins Co., Baltimore. 
a) p. 469; b), p. 446, 1932. 

3. Goon, C. A., H. Kramer AND M. Somocyt: The determina- 

tion of glycogen. J. Biol. Chem. 100: 485. 1933. 
4. Gaunt, R., J. W. Remincton anp A. Epetman: Effect of 


os 


» 


progesterone and other hormones on liver glycogen. Proc. Soc. 
Exper. Biol. & Med. 41: 429. 1939. 

5. Canone, M. G.: Récherches sur I’action de lhormone male 
(propionate de testosterone) sur les glycogene musculaire et 
la glycemie. Comp. rend. Soc. de biol. 134: 305. 1941. 


6. Winter, H., ANp L. F. Betancer: On the protective action of 


testosterone against the kidney damaging effect of phlorhizin. 
Canad. M. A. J. 46: 187. 1942. 


(of) 


sNHg 











eSProOns 


A} 


Fri 
Cl. 








olume 2 


sed ‘ol- 
yses of 
glucose 
riod of 
TOIC ec: 
tion or 
ng pro 


d with 
| sugar 
normal 
atment 
tly in- 
oup of 


methyl 
d con 
erence 
ysecto- 
‘ats re 


nd, no 
ydrate 
nistra- 


- Corp., 
ysterone 


nizing 


‘oc. Soc. 


ne male 
laire et 


stion of 
orhizin. 

















Carbohydrate Metabolism of 
Patients Treated with Methyl 
Testosterone 


E. Perry McCuttacu, M.D. 
AND Lena A. Lewis, Pu.D. 


From the Cleveland Clinic, 
Cleveland, Ohio 


IN HAT TREATMENT Of patients with large doses of 


|} methyl testosterone for long periods of time 


JL results in a modification of sugar tolerance has 
been reported (1). Studies have been extended to de- 
termine the factors involved in producing this change. 
In rabbits treated with methyl testosterone a de- 
creased sugar tolerance also has been observed. The 
liver glycogen of these animals was less than that of 
untreated controls (2). In an attempt to determine 
whether a modification in liver glycogen reserves oc- 
curs in the human being receiving methy] testosterone, 
estimations using the phlorhizin technic of Mirsky 
(3) have been made. The test is based on the assump- 
tion that, following phlorhizin, “when the blood-sugar 
level remains constant, all of the urinary sugar must 
have come from the liver. On the other hand, if there 
has been a fall in the blood-sugar level, then the 
amount of sugar excreted in the urine is equal to the 
sum of that secreted by the liver plus the sugar 
equivalent to the decrease in the blood and tissues’ 
(3). The basal metabolic rate and the glucose tolerance 
of the patients treated with methyl testosterone also 
were determined. Generally, the basal metabolic rate 
was markedly above the pretreatment level when the 
decrease in sugar tolerance was observed, and the 
amount of glucose of liver origin excreted following 
phlorhizin usually was decreased. 


METHODS AND MATERIALS 


Eight cases of male hypogonadism were studied 
before any treatment was given (or during a period 
of withdrawal of therapy), and during treatment with 
large doses of methyl testosterone. Sugar tolerance 
curves were determined following the oral adminis- 
tration of 100 gm. of dextrose. In the sugar tolerance 
tests the blood sugar values were determined by the 
method of Myers and Bailey (4). Basal metabolic 
tates were measured using the Sanborn-Grafic 


Received for publication July 20, 1942. 

Read before the twenty-sixth annual meeting of the Associa- 
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machine and the Mayo Clinic tables. Each test repre- 
sented two runs. The hepatic glycogen reserves were 
measured by the phlorhizin method of Mirsky (3). 
Blood sugars were determined on venous blood by the 
Somogyi modification of the microShaffer-Hartmann 
method (5). Blood acetone was determined by the 
method of van Slyke and Fitz (6,7). Urinary nitrogen 
was determined by the Kjeldahl method (8). In some 
cases, when the patient was receiving methyl testo- 
sterone therapy, a diet high in carbohydrates was 
given to determine its effect upon the sugar tolerance 
and glycogen reserves during hormone treatment. 
The high carbohydrate diet consisted of 500 gm. of 
carbohydrate with a total caloric value of 3000 
calories. 


RESULTS 


In some cases the administration of large doses of 
methyl testosterone was followed by a marked de- 
crease in sugar tolerance. The decreased tolerance 
was usually associated with an increased basal meta- 
bolic rate. Table 1 summarizes the results on 7 of the 
patients. 

Phlorhizin tests were made on § patients, the data 
on 4 of whom are included in table 1. Figure 1 sum- 
marizes the results on patient 4. Following treatment 
with methyl testosterone, the liver glycogen stores - 
were 380 mg. per kg. of body weight. Upon with- 
drawal of therapy, they were 417 mg. per kg. of body 
weight or greater. As there was no drop in the blood 
glucose level, the amount of glycogen remaining in the 
liver at the end of the test was not indicated. With 
methyl testosterone therapy and an increased amount 
of carbohydrate in the diet, the liver glycogen stores 
were 464 mg. per kg. At the end of the 6hour 
phlorhizin test, when the glycogen stores were lowest 
the blood acetone showed an increase of 100 per cent. 
Acetone was present in the 5th and 6th-hour urine 
specimens. The blood acetone was not significantly 
altered when no therapy was being taken or when a 
high carbohydrate diet was being ingested. 
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The glycogen storage values were based on the 
following points. The blood-sugar level did not drop 
during the 6-hour phlorhizin test period when the 
patient had been receiving -no therapy, or when the 
patient was on the high carbohydrate diet—methyl 
testosterone regimen. The blood sugar values fell 13 
mg. during the 6-hour test period when the patient 
was receiving methyl testosterone therapy. Employ- 
ing the 30 per cent figure for the mixing volume for 
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80 mg. daily the second month), he showed a markedly 
decreased sugar tolerance. At that time, following 
phlorhizin injection, he excreted 53'7 mg. glucose per 
kg. of body weight, of which 490 mg. was of liver 
origin. The blood acetone was increased by 53 per 
cent at the end of the 6-hour phlorhizin test. Five 
months later on the same therapy, the sugar tolerance 
was more normal (fig. 3). At that time, following 
phlorhizin 521 mg. of glucose per kg. of body weight, 


TABLE 1. ErrECT OF METHYL TESTOSTERONE ON BLOOD GLUCOSE LEVELS IN 


HYPOGONADAL MEN 








Sugar Tolerance, Glucose, mg./100 cc. 




















| | 
Treatment | | on: Slosien 
= ‘ —_____—-- - ) SBS AVE - 
Case Diagnosis PR | Methyl | % | 
| da 100, | testosterone | re) ee ae 2 ee ae 
| ayS | per day, mg. | | 
I Hypogonadism | 30 ° | o—13 | | | | 
30 ° + 3 97 | 122 130 98 |; 104 | 
| 19 300 mg | +2 | 118 224 213 241 | 161 | 120 
| | | 
2 Hypogonadism | 35 | ° —11 | | 
42 | ° | 104 207 127 904 76 
| 19 300 mg. —3 | 109 213 187 200 | 125 | 
| 
3 | Hypogonadism = | 60 ro) —-17 102 1023 go 80 78 | 
| | 60 100 mg. + 3 98 122 122 94 102 84 
4 | Hypogonadism | 15 fr) -1 | 
| 18 100 mg. 96 160 210 168 68 58 
| 120 60 mg. +24 | 110 169 242 212 100 108 
| 
5 | Hypogonadism | 39 ) +1 | 102 116 go 108 78 
| 49 agomg. | +27 | 130 190 168 173 130 79 
6 | | Hypogonadism No previous treatment —13 | 106 136 174 106 80 70 
21 | 10oomg. | | 
| 42 200mg. | | 
30 300mg. | +o | 106 | 155 132 147 93 85 
| | 
7 | Hypogonadism 30s 100 mg. | | | 
21 | 200mg. | 
j 21 300 mg. | — 3 106 171 238 204 117 77 
| | 
27 | oO —3 | 138 202 187 143 82 82 

















sugar distribution in the body, as used by Mirsky, 
3.78 gm. of the sugar excreted was from non-liver 
source. The increase in blood acetone was also of 
significance. 

Patient 3 excreted 488 mg. of glucose per kg. of 
body weight, all of liver origin, when no therapy had 
been taken for 3.5 months. The blood acetone was 
unaltered at the end of the test period. When he had 
received 100 mg. of methyl testosterone per day for 
two months, 470 mg. glucose per kg. of body weight 
was excreted, of which 413 mg. was of liver origin 
(fig. 2). At the end of the 6-hour phlorhizin test the 
blood acetone had increased from 1.6 to 3.5 mg. per 
100 cc. of blood. 

When patient 5 had been receiving methyl! testo- 
sterone for 2 months (70 rg. daily the first month, 


all of which was of liver origin, was excreted follow: 
ing phlorhizin injection. The blood acetone was not 
significantly modified at the end of the 6-hour test 
period. 

In the case of patient 8, who had been receiving 
50 mg. of testosterone propionate 3 times a week for 
4 months, 353 mg. of glucose per kg. of body weight, 
all of which was of liver origin, was excreted follow 
ing phlorhizin injection. The blood acetone was not 
increased at the end of the 6-hour test period. After 











he had been receiving methyl testosterone (100 mg. 
per day for 5 months), the glucose excretion following 
phlorhizin was 422 mg. per kg. of body weight, the 
source of which was the liver. At that time he 
showed a slightly modified glucose tolerance curve. 
The blood acetone was not significantly altered. 
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When therapy was withdrawn for two months, 316 
mg. of glucose per kg. of body weight was excreted. 
All was of liver origin. There was no significant modi- 
fication in blood acetone at the end of the 6-hour test. 

Patient 6 excreted 381 mg. of glucose per kg. of 
body weight following phlorhizin when he had re- 
ceived no treatment. All of this was of liver origin. 
After 3 months of treatment with methyl testosterone 
(100 mg. daily for 21 days, 200 mg. daily for 42 days, 
and 300 mg. daily for the 30 days immediately pre- 
ceding the phlorhizin test) 365 mg. of glucose per kg. 
was excreted following phlorhizin, of which 318 mg. 
was of liver origin. In the first test no acetone was 
present in any urine specimen. In the phlorhizin test 
following methyl testosterone treatment the urine 
showed acetone in the specimens collected for the 4th, 
sth, and 6th hours after the initial injection. 
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Patient 7 excreted 221 mg. of glucose per kg. of 
body weight, which was of liver origin, after he had 
been receiving large doses of methyl testosterone for 
10 weeks. The blood acetone was increased from 1.5 
to 5.5 mg. per 100 cc. at the end of the 6-hour phlor- 
hizin test. The hippuric-acid liver-function test at 
this time showed 3.0 gm. of benzoic acid synthesized 
(equivalent to 100 per cent of normal). After therapy 
had been withdrawn for 27 days, 245 mg. of glucose 
per kg. of body weight, which was of liver origin, 
was excreted. The blood acetone was 1.7 mg. per 100 
cc. of blood at the beginning of the 6-hour phlorhizin 
test and 2.1 mg. at the conclusion of the test period. 

Urine nitrogen was determined on aliquots of the 
pooled urine collected during the first 3 hours of the 
phlorhizin test period and the second 3 hours of the 
test. In no case was the nitrogen excretion signifi- 
cantly different in the two periods. This indicated 
that gluconeogenesis was not increased. 
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DISCUSSION 


The estimation of liver glycogen reserves, using 
the glucose excretion following phlorhizin as the basis 
of calculation, is open to certain fundamental criti- 
cism. Although the values thus estimated may not be 
the true ones, it is believed that repeated tests on the 
same individual are capable of showing actual changes 
in glycogen stores. It is also believed that greater 
significance can be placed on the decreased glycogen 
stores in patients following the use of methyl testo- 
sterone, since this change has been observed in 
treated animals in which the livers have been removed 
and glycogen values actually determined (2). 

Winter et al. (9) reported that phlorhizin glycosuria 


‘in the rat is greatly inhibited by pretreatment with 


testosterone. They attributed this decrease to a modi- 
fication in the epithelial cells lining the convoluted 
tubules of the kidney. No liver glycogen determina- 
tions were made on the testosterone-treated rats. 
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That the action of methyl testosterone on the kidney 
was responsible for the decreased excretion of glucose 
per kg. of body weight, of liver origin, seems unlikely, 
for in some cases the actual total excretion of glucose 
was as great in the treated as in the untreated patient. 
A significant percentage of it, however, originated 
from the blood and body fluids, as a marked decrease 
in blood glucose was observed at the end of the 6-hour 
test period. 

In the case of patient 5 it is difficult to explain the 
greater sugar tolerance after 7 months of treatment 
with methyl testosterone than after 2 months. Some 
compensatory mechanism may have become effective 
in the interval. The importance of the nature of the 
diet in modifying sugar tolerance cannot be disre- 
garded. While the patients were not on a controlled 
diet, they were questioned as to any change in eating 
habits or food intake. This patient was unaware of 
any such change. 

The unusually low glycogen reserves in patient 7 
are difficult to interpret. He was accustomed to eating 
unusually large amounts, and his diet represented a 
very large total carbohydrate intake. The food intake 
was essentially constant throughout the period of 
observation. 

The results on patient 8 cannot be evaluated to in- 
dicate change in glycogen stores, for at no time were 
the reserves exhausted following phlorhizin, as in- 
dicated by the maintained blood-sugar level-and the 
absence of increased blood acetone. 

The decreased glycogen reserves during methyl 
testosterone treatment could not be attributed to 
liver damage, for there was no evidence of decreased 
liver function, as judged clinically or by hippuric acid 
and bromsulfalein liver function tests. 
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SUMMARY 

Following continued treatment with methyl testo- 
sterone, some patients showed a decreased sugar 
tolerance. In the majority of cases this decrease was 
accompanied by an increased basal metabolic rate. 
In one patient an increase in carbohydrate in the diet 
resulted in the return to normal of the modified sugar 
tolerance and increased glycogen stores. Liver glyco- 
gen reserves were estimated by the phlorhizin method 
of Mirsky. There was less stored glycogen in the liver 
following methyl testosterone treatment. This was in 
agreement with the finding that the liver glycogen of 
rabbits was decreased following methyl testosterone 


therapy. 


We wish to thank Dr. Max Gilbert of the Schering Corp., 
Bloomfield, N.J., for the methyl testosterone used in these studies, 
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Insulin Resistance in 
Diabetes Mellitus 
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From the Department of Medicine, 
Stariford University and the De- 
partment of Public Health, City and 
County of San Francisco, California 


ject of insulin resistance has become one of in- 

creasing interest. Root (1), in 1929,termed those 
cases insulin-resistant which required more than 100 
units daily to maintain proper carbohydrate balance. 
He pointed out that temporary resistance to insulin, 
so commonly encountered for a brief period in the 
comatose diabetic, properly should not be included 
under such a designation. He estimated, on the basis 
of animal experiments, that a completely depancre- 
atized man would require 200 to 300 u daily. Undis- 
puted cases of complete insulin resistance in man 
would thus be those which have a daily insulin re- 
quirement above this. 

There have been published a number of isolated 
reports of patients who have required an abnormally 
large amount of insulin. These have been summarized 
during the past year in a paper by Martin, Martin, 
Lyster and Strouse (2). To these may be added two 
cases of Marble, Fernald and Smith (3), one requiring 
300 to 1750 u daily for 2 months, the other 350 to 
2000 u daily for over 7 months; and the patient re- 
ported by Levi and Friedman (4) who received an 
average of 1621 u daily for 47 days, the maximum 
daily dosage being 4000 vu. 

No real advance in the understanding of this re- 
sistance to insulin was made until recently, when the 
studies of Houssay (5) and of Long (6) began to throw 
an entirely new light on carbohydrate metabolism. 
Young (7) has investigated the problem from the 
laboratory standpoint, and Glen and Eaton (8) and 
Wiener (9) from the clinical point of view. 

We are reporting a case of insulin resistance in a 
patient with diabetes mellitus who for almost 4 
months received an average daily dose of 1195 u, a 
maximum daily dose of 2460 u, with a total dosage of 
129,470 u. Certain investigative studies have been 
performed in an endeavor to throw light on the 
mechanism of insulin resistance. 


S INCE THE BEGINNING Of the insulin era, the sub- 
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CASE REPORT 


C.A.K., S.F.H. No. 257261,! was a 64-year-old married 
male leather worker of Irish-Portuguese parentage who 
was first seen at the Stanford Hospital Outpatient De- 
partment on Jan. 28, 1939. The diagnosis of pulmonary 
tuberculosis was made. Sugar was found in the urine at 
this time, but the patient did not return to the clinic. On 
Oct. 5, 1939, he was seen again and had then lost 17 Ib. 
(7.7 kg.) in weight. The additional diagnosis of diabetes 
mellitus was made at this time. He attended the clinic a 
few times and on Oct. 28, 1939, was admitted to the 
Tuberculosis Division of the San Francisco Hospital. 

Family history. Father and mother died at 66 and 57 
years, of unknown causes. One brother died at 17 of 
tuberculosis, and another brother died at 45 from ‘ulcer 
of the liver.’ Past history. He had had the usual childhood 
diseases. In 1898 he had pneumonia without sequelae and 
in 1934 he had acute arthritis of the ankle for 3 months. 

Physical examination. This showed a rather poorly 
nourished white male who appeared chronically ill. The 
height was 5 ft. 6 in. and weight was 139 lb. (63 kg.). He 
had complete adentia, bilateral reduction of hearing, 
moderate emphysema, physical signs indicating an infiltra- 
tive process in the left upper lobe of the lung, rather faint 
heart sounds, poor rectal sphincter tone, a sluggish left 
ankle jerk, an absent right ankle jerk, and a spermatocele. 
Blood pressure, 170 mm. Hg, systolic, 80 diastolic. 

Laboratory examination. The blood count showed a 
hemoglobin of 16.3 gm. (92% Sahli), a red cell count of 4.5 
million, a total white cell count of 7640, with 75 per cent 
neutrophils. The urine was acid, lemon-colored, clear, of 
a specific gravity of 1.024 and free of albumin. The Bene- 
dict test for sugar was 2+. The sediment contained 
rarely a squamous and a white cell. The Wassermann and 
Kahn reactions were negative. The corrected sedimenta- 
tion rate was 34 mm. in 1 hour (Wintrobe). There were 
many tubercle bacilli in the sputum. The trend of the 
blood chemistry values during the course of the patient's 
hospitalization is shown by the figures in table 1. The 
liver function tests are recorded in table 2. They did not 
indicate any liver damage. 

Roentgen-ray examination. This showed evidence of an 
inflammatory process with cavitation in the left upper 
lobe extending into both lower lobes, and moderate 
pleural thickening on the left with deviation of the 
mediastinum toward the left. 











Course. The patient remained in the hospital until his 
death 7 months later. He had an intermittent low-grade 
fever during his entire stay, and the tuberculous process 
gradually spread. On Jan. 25, 1940, a pneumothorax was 
begun on the left side. This was technically successful and 
was followed by weekly refills, but the course of the dis- 
ease was not arrested. Because of the continued advance 
of the tuberculous process in the right lung, a pneumo- 
thorax was also ordered on the right. The initial right 
pneumothorax was given on May 16, 1940. At this time 
his condition was critical. He died on May 25, 1940. 


TABLE 1. BLOOD CHEMISTRY 











| | Plasma 
| Blood | CO; og Blood | Blood 
Date Sugar, Combining , wat NaCl, | Urea, 
mg. % | Power, esterol, | mg. % | mg. % 
| vol.% | ms % 
2/ 9/40 231 | 231 
2/12/40 408 171 
2/29/40 250 420 15 
3/11/40 377 62 
4/10/40 454 63 408 
5/16/40 I et Yj 436 

















The course of the diabetes was not remarkable during 
the first 3 months of his hospital stay. He was originally 
given a diet of C 200, P go, F 110, and 30 u of protamine 
zinc insulin. On Nov. 3, 1939, § days after his admission 
to the hospital, blood sugar specimens were taken before 
each meal. The values were 122, 200, and 170 mg. per 
cent respectively, indicating a type of response charac- 
teristic of a fairly well controlled diabetic. Because of 
persistent mild glycosuria, the dose of insulin was raised 
on Dec. 2nd to 40 u of protamine zinc insulin and 10 u of 
amorphous (regular) insulin. The urine remained sugar- 
free on this regimen for over a month. After this time 
glycosuria began again and continued despite an increase 
in the insulin intake to 95 u on Jan. 27, 1940. On Feb. 5th, 
the diet was changed to C 500, P go, F 110. This was done 
because of the increase in insulin sensitivity resulting 
ordinarily from a high carbohydrate diet (10), and also 
because of suspected hepatic involvement. On the same 
date the fasting blood sugar was 280 mg. per cent and the 
urine showed a 4+ sugar and a 1 + acetone. The insulin 
intake consisted of 60 u of protamine zinc insulin and 60 u 
of amorphous insulin. 

His course hereafter was most extraordinary. The chief 
features are portrayed graphically in figure 1. It was recog- 
nized that the phenomenon of insulin resistance was 
present. The insulin dosage was increased rapidly and 
progressively. On February 12th, the insulin intake was 
800 u and the blood sugar was 408 mg. per cent. The 
quantitative sugar output was 216 gm. per 24 hours and 
he had a 1+ acetone in the urine. Although continued 
daily increase of insulin did not show any immediate re- 
sult, as measured by urinary sugar output, the blood- 
sugar level over the next 2 weeks gradually diminished to 
considerably lower levels. On February 23rd the total 
insulin dosage was 2280 u and the fasting blood sugar was 
263 mg. per cent. The urine still showed 4+ sugar and 
1 + acetone. The greatest daily intake of insulin during his 
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entire hospital stay was on February 26th, when he was 
given 1940 U of unmodified insulin and 520 u of protamine 
zinc insulin, or a total of 2460 u. During the next 10 days 
the dosage was gradually lowered because the blood-sugar 
level and the sugar output in the urine decreased markedly 
and the acetone disappeared from the urine. At the end 
of this period clinical symptoms of hypoglycemia de- 
veloped. On March 6th the fasting blood sugar was 55 
mg. per cent. On this day he received a total insulin 
dosage of 1890 u and on the following day the fasting 
blood sugar was 52 mg. per cent. At this time it was de- 
cided to reduce the insulin dosage drastically (11). On 
March roth it had reached a value of 500 u for the total 
daily dosage. On this day, however, the fasting blood 
sugar was again markedly elevated, being 377 mg. per 
cent. The urinary sugar output was 170 gm. per 24 hours. 
The acetone was 2 +. This attempt to lower the insulin 
dosage being obviously unsuccessful, the amount was 
raised in 2 days to 1380 u, on which regimen he was con- 
tinued to March 31st. A Congo red test for amyloid made 
on March 28th showed 47 per cent retention of the dye in 
one hour. During this period the blood-sugar values 
ranged from 117 to 330 mg. per cent and the average uri- 
nary sugar output fluctuated between 72 and 198 gm. per 
24 hours. The urine was free of acetone. It may be noted 
that the output of sugar was considerable and that the 
blood-sugar level still averaged around 250 mg. per cent. 
Clinically, the patient did not feel nearly so well as he had 
before this. Several times during the day and night he 
perspired, had symptoms suggesting hypoglycemia, and 
was generally uncomfortable. The daily insulin dosage 
was therefore further decreased to 920 u (420 U of un 
modified insulin and 500 u of protamine zinc insulin). 
This was continued until May 20th. Throughout this 
period the blood-sugar level was higher, the fasting values 


TABLE 2. Liver FUNCTION TESTS 








Retention of bromsulphalein: | 3 hr., o 
thr.,o 
Retention of galactose:! 1 hr., 31 mg. % 


14 hr., 18 mg. % 


4.8 gm. found in 1000 cc urine. 


Synthesis of hippuric acid:? 
(Normal 3-3.5 gm.) 








1 Determined through the courtesy of Dr. T. L. Althausen. 
2 Determined through the courtesy of Dr. D. K. Burnham. 


ranging from 350 to 483 mg. per cent. The urinary glucose 
output varied from 234 to 402 gm. per 24 hours. Acetone, 
and later diacetic acid, reappeared in the urine. However, 
the patient felt more comfortable than he had at any time 
during his period of insulin resistance. Because of in 
creased formation of diacetic acid, the insulin dosage was 
increased from 1220 u on May 21st to 2200 uon May 24th. 
Fifteen hundred gm. of glucose was given during this day. 
The acetone and the diacetic acid disappeared from the 
urine, but clinical signs of diabetic coma progressed and 
the patient died in the evening of May 25th, 1940. 
Summary of pathological findings (Dr. A. J. Cox). The 
autopsy, performed 16 hours after death, showed bilateral 
pulmonary tuberculosis, with a large cavity six cm. in 
diameter in the upper lobe of the left lung and many small 
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Fig. 1. DATA OBTAINED DURING PATIENT'S HOSPITALIZATION. The detached portion to the left represents the period before the develop- 
ment of insulin resistance. The blocks in the main body of the chart give average values for 6 days each except where rapid adjustment 
in the insulin dosage make this inappropriate and where corresponding adjustment in the width of the blocks is made. Each black dot on 
the blood sugar curve represents the average of 2 to 6 fasting blood-sugar values. The values recorded for acetonuria and glycosuria, 
both qualitative and quantitative, are likewise averages. The vertical arrows denote the dates on which the experiments were made. 


nodules throughout the remainder of this lung as well as 
the upper lobe of the right lung. The right middle and 
lower lobes showed only an occasional small tubercle. A 
few tubercles were present in the moderately enlarged 
hilar lumph nodes, but no gross caseation was seen. 
Histologically, the cavity and many tubercles were sur- 
rounded by moderate amounts of fibrous tissue, indicating 


















that they were not rapidly progressing lesions, but some 
of the nodules were not so demarcated. 

The pancreas was 20 cm. long and its cross-section 
measured 1 by 3 cm. at the head. However, the body and 
tail were much thinner, and it was thought that the organ 
as a whole was distinctly smaller than normal. The 
markings on the cut surface were normal, as was the histo- 
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logical appearance of sections stained with hematoxylin- 
eosin, although islets of Langerhans were not numerous. 
The adrenals, testes, and prostate showed no significant 
gross or microscopic changes. The thyroid gland, although 
not enlarged, showed distinct evidence of hyperplasia. 
Its follicles varied considerably in size. In many follicles 
there was practically no colloid; in others the colloid was 
faintly stained and showed marked peripheral vacuolation. 
The lining epithelium was columnar in many places and 
many of the nuclei had unusually deeply stained chroma- 
tin. No mitotic figures could be identified with certainty. 
There was no lymphoid tissue in the organ. The anterior 
lobe of the hypophysis contained eosinophilic and baso- 
philic cells in approximately normal numbers. A moderate 
number of small basophilic cells extended into the pos- 
terior lobe in one region. The remaining basophils were 
normal. Many contained fairly large cytoplasmic vacuoles. 
Many of the eosinophils were also vacuolated, but most 
of the vacuoles were smaller than those in the basophils 
and they were often multiple. In the capsule of the gland 
in one region were several long rows of small cells with 
scanty cytoplasm. The arrangement of these cells sug- 
gested that they were epithelial, but their identity could 
not be established. There was a slight diffuse increase in 
the interstitial connective tissue of the anterior lobe in 
places, and toward the center of the lobe was a small 
dense scar. However, the amount of reduction of the 
number of epithelial cells on this account was negligible. 

The liver was enlarged, weighing 2700 gm. It was firm 
and pale brown. Its vessels were normal. The cut surface 
was uniform and slightly opaque, with no visible lobule 
markings. A little thick turbid blood-tinged fluid could 
be expressed from the cut surface. Lugol’s solution stained 
the liver tissue deep mahogany brown, and the exuding 
thick fluid was similarly stained. Further tests on aqueous 
extracts of the liver substance showed large amounts of a 
substance which in solution was milky white, opalescent, 
and had many of the properties of glycogen. It could be 
precipitated by alcohol but not by heat or trichloracetic 
ac'd, and it disappeared on acid hydrolysis, yielding a 
substance which would reduce Benedict's solution. Al- 
though no quantitative determinations were made, the 
substance remained in apparently undiminished quantity 
in specimens of the liver stored in the ice box for 2 weeks. 
Similarly, incubation of pieces of liver for 4 days at 37° C. 
did not destroy it, whereas incubation with ground liver 
obtained from another autopsied body resulted in dis- 
appearance of the substance within 24 hours. Histological 
study showed marked enlargement of the liver cells, some 
of which had nearly twice the normal diameter. Most of 
the sinusoids were collapsed. The nuclei of the large cells 
were normal but the cytoplasm was practically unstained 
except for a thin rim at the cell margins. Best’s carmine 
stain showed abundant masses of glycogen in these cells. 
No amyloid was present. No glycogen was demonstrable 
in any other organs. 

The spleen weighed 240 gm. Its pulp was firm and dark 
red. The heart weighed 230 gm. and appeared normal. 
No glycogen could be demonstrated in the muscle either 
by gross iodine test or by using Best’s carmine stain on 
alcohol-fixed tissue, although many of the muscle fibers 
contained fine vacuoles. There was relatively little arterio- 
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sclerosis, the most marked lesions being in the descending 
aorta, where, near the bifurcation, were several scattered 
medium-sized slightly raised intimal plaques without 
ulceration or gross calcification. The kidneys were normal. 
No abnormalities were found in the brain. 


COMMENT 


This case represents an example of insulin re- 
sistance which began fairly abruptly in a patient 
whose diabetes had been quite well controlled during 
the preceding 3 months. 

The course of the patient after he became resistant 
to insulin may be divided into 5 periods according to 
the amount of insulin he received. The lines running 
vertically through figure 1 mark these off abruptly 
into the following periods: a), rapidly increasing in- 
sulin requirement; b), peak dosage; c), low dosage; 
d), higher plateau; e), lower plateau. 

The most striking feature of the case is the fact, 
best gleaned from the composite chart, that the aver- 
age fasting blood sugar, the glycosuria and the ke- 
tonuria were almost inversely proportional to the in- 
sulin dosage. In other words, the response to insulin 
was much like that of the ordinary diabetic except 
that huge doses of insulin were necessary to produce 
a glucose lowering effect in the blood. 

The case was studied carefully to rule out various 
factors which have been thought to play a réle in 
insulin resistance. The effect of diet did not seem to 
be important. Shortly after the beginning of the re- 
sistant stage, the carbohydrate intake was raised to 
500 gm. a day. Thereafter the scheduled diet con- 
tained 500 to 6oo gm. daily. The patient often left 
some of this on the tray, probably enough to affect 
the individual blood sugar values but not enough to 
affect the averages. The fat intake varied from 40 to 
100 gm. a day. It was thought that the higher fat 
intake was associated with greater ketonuria. 

There was no clinical evidence of allergy. In com: 
parison to the amount of protein-containing solution, 
the tissue reactions were slight. 

Since sources of insulin may have a bearing on the 
problem of insensitivity several brands were em 
ployed, including amorphous or ‘regular’ insulin 
(beef, pork and sheep)? and solution of zinc insulin 
crystals and protamine zinc insulin. No difference in 
effect was noted. 


INVESTIGATIVE STUDIES 


Houssay (5) has shown that injections of the an 
terior lobe of the pituitary gland into dogs produces 
a temporary diabetic state. More recent work by 
Jensen (12), Young (13), and others has suggested 

2 The various brands of regular insulin used were manufactured 
by Eli Lilly Co., Indianapolis, Ind., Sharpe and Dohme (o., 
Philadelphia, Pa., and Frederick Stearns & Co., Detroit, Mic!.. 


3 The solution of zinc insulin crystals and the protamine <inc 
insulin used were manufactured by Eli Lilly Co., Indianapolis, ind. 
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Fig. 2. INSULIN-CARBOHYDRATE TOLERANCE test illustrating continued rise of blood sugar despite repeated large doses of insulin. 

Fig. 3. Risk IN BLoop sucar of a rabbit after injection of blood from the patient despite previous injection of 120 u of amorphous 
insulin subcutaneously into patient. 

Fig. 4. Upper ricure isan insulin-carbohydrate tolerance curve illustrating the continued rise of the blood sugar of the patient despite 
alarge dosage of insulin intravenously. The lower figure shows the lack of an insulin effect and the presence of a hyperglycemic effect ir 
the patient's blood as determined by its injection into rabbits. The rabbits’ blood sugar rises rather than falls. 

Fig. 5. Uzrer ricure shows two insulin-carbohydrate tolerance curves, illustrating the continued rise of the patient's blood sugar after 
an initial drop caused by a very large dose of insulin intravenously, and the differences in the values of the sugar in the capill.ry and the 
venous blood. The lower figure shows the insulin-effect present in the patient’s blood as demonstrated by the rabbit method when blood 
is withdrawn 15 minutes after insulin injection and the hyperglycemic effect when blood is taken at 25 minutes. 
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that the ability to utilize carbohydrate is inherent in 
the tissues and that this utilization is facilitated by 
insulin and retarded by factors secreted by the an- 
terior lobe of the pituitary gland. Young separated 
the pituitary ‘antagonist’ into two parts. The first 
of these, which he called the ‘glycotropic’ factor, 
antagonized the action of insulin although it dic not 
produce hyperglycemia or diabetes when injected 
into the normal animal. The second, which he termed 
‘diabetogenic,’ also antagonized insulin but in addi- 
tion produced hyperglycemia, glycosuria, and keto- 
sis. Continuation of its injection led to permanent 
diabetes. 

In the study of this patient during the period of his 
manifested insulin insensitivity, two methods of in- 
vestigative procedure were used. The first was the 
study of the response of the patient’s blood sugar to 
subcutaneous and intravenous insulin; the other was 
the response of a rabbit’s blood sugar after intra- 
peritoneal injection of blood specimens from the pa- 
tient under these circumstances. 

Experiment 1° (fig. 2). On Feb. 14, 1940, the fasting 
blood sugar was 316 mg. per cent. At this time he was 
given 100 u of amorphous insulin and 100 vu of prot- 
amine zinc insulin. One-half hour later he ate a light 
breakfast containing about 70 gm. of carbohydrate. 
After another half-hour the blood sugar was 341 mg. 
per cent. He was then given 50 u of amorphous in- 
sulin, intravenously. The values of the glucose con- 
tent of the blood samples taken at half-hour intervals 
after this were as follows: 

Hours 5 I 1.5 2 

Mg. per cent 411 411 429 400 

This experiment demonstrates that there was no 
lowering of the blood sugar by either 100 u of amor- 
phous insulin given subcutaneously or 50 u given 
intravenously. The rise of the blood sugar proceeded 
much as one might expect after a meal without the 
benefit of insulin administration. The possibility of 
an immediate and transient fall cannot be denied but 
the occurrence of a progressive rise after such a large 
dose of intravenous insulin suggests the absence of 
any insulin effect. 

Experiment 2..On March 20th the value of the 
fasting blood sugar was 117 mg. per cent for the ve- 
nous blood and 113 mg. per cent for the capillary blood 
obtained by finger puncture. The patient was given 
120 u of amorphous insulin and 120 u of protamine 
zinc insulin, subcutaneously. One and one-half hours 
later 10 cc. of venous blood were withdrawn and 
injected immediately into the peritoneal cavity of a 
2-kg. rabbit kept in a fasting condition. The rabbit's 
fasting blood sugar just before the injection was 133 
mg. per cent (fig. 3, a). One and one-half hours later 


~ 4#Dr. W.C. Cutting aided in the preparation of these experi- 
ments. 
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its blood sugar had risen to 210 mg. per cent. Thus 
the blood transferred from the patient 1.5 hours after 
120 u of amorphous insulin conveyed to the rabbit no 
factor for utilizing sugar but actually the blood had a 
hyperglycemic effect. 

Experiment 3. On March 27th the experiment was 
repeated in a slightly modified form. The patient’s 
fasting blood sugar was 246 mg. per cent and the 
rabbit's fasting blood sugar was 117 mg. per cent. An 
intraperitoneal transfer of 10 cc. of blood withdrawn 
from the patient 1.5 hours after he had received 120 
u of amorphous insulin and 120 u of protamine zinc 
insulin yielded, in the rabbit, a blood sugar of 132 
mg. per cent 1.5 hours after injection, and a value of 
142 mg. per cent 3 hours later (fig. 3, b). 

Although the curve changes only slightly from the 
initial value, the important fact is that it rises instead 
of falling. Such a rise has been said to occur in rabbits 
anyway (although we have been unable to find any 
such report in the literature). If this be true, the 
phenomenon remains remarkable until it is explained. 
The explanation we postulate is the existence of a 
diabetogenic factor. It is of interest that the rise in 
the rabbit’s blood sugar was greater in experiment 2, 
at the time of which the patient’s blood sugar was 
lower (i.e., insulin effect was more pronounced). 
Confirmation of this is offered in experiment 4 and 5. 

Experiment 4. On April 25th the patient was given 
100 u of crystalline insulin intravenously while in a 
fasting condition. Five minutes later he ate a break- 
fast containing approximately 100 gm. of carbohy- 
drate. Blood samples were then withdrawn at inter- 
vals measured from the time of injection of insulin. 
The blood sugar values were as follows (fig. 4, top): 

Minutes fe) 20 45 go 

Mg. per cent 356 375 405 515 

When blood was taken for chemical analysis at 45 
and at 90 minutes, an additional 10 cc. was with: 
drawn for immediate injection into the peritoneal 
cavity of a rabbit. The blood sugar values were as 
follows (see fig. 4, bottom): 

Minutes after injection into rabbit F go 
Mg. per cent first rabbit, injected 

with 10 cc. of patient’s blood drawn 

45 minutes after insulin 121 
Mg. per cent in second rabbit, in- 

jected with 10 cc. of patient’s blood 

drawn go minutes after insulin 97. «+121 -173 

Incidentally, the patient’s initial capillary blood 
sugar was 346 mg. per cent when his venous blood 
sugar was 356 mg. per cent; the difference may merly 
be within the accuracy of the chemical technique; 
nevertheless, this is commented upon because the 
arterial is lower than the venous value, instead of 
higher, as is usually expected. This phenomenon aiso 
occurred in experiment 2. Griffiths (14) found that in 
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young and old diabetics alike the arteriovenous blood 
sugar difference was smaller than in the normal 
individual. He called attention to the frequent occur- 
rence of negative arteriovenous differences in the di- 
abetic and its rarity in the normal individual but 
could offer no explanation. The rabbit experiments 
demonstrate that, 45 to 90 minutes after a large intra- 
venous dose of insulin, this patient’s blood, when 
transferred to rabbits, not only failed to lower the 
rabbit’s blood sugar, but, on the contrary, caused it 
to rise. We see in this a hyperglycemic factor. This 
substance may have developed before the collection 
of the 45-minute specimen, but sufficient quantity 
for demonstration was found only after a longer in- 
terval. On the other hand an ‘anti-insulin’ or “glyco- 
tropic’ effect was already present at 45 minutes. This 
suggests the possibility of the separate identity of 
the anti-insulin and hyperglycemic factors. 

Experiment 5. On May gth the last experiment was 
repeated, with certain changes. First, the compara- 
tive capillary and venous blood-sugar values of the 
patient were studied over a longer period, i.e., 1.5 
hours after 150 u of crystalline insulin had been in- 
jected intravenously (fig. 5, top); second, the effect 
of the injection of 10 cc. of venous blood into rabbits 
was observed when drawn at shorter intervals, i.e., 
15 and 25 minutes after the insulin injection into the 
patient (fig. 5, bottom). 

The blood sugar curves obtained were as follows: 


Time in minutes PF’ 15, 2§° “90. 80° 00 
Blood sugar in mg. 
per cent 455 


545 


Venous 405 375 374 405 
Capillary 430 350 396 


The blood sugar values of the rabbits were as fol- 
lows: 


Minutes after injection into rab- 
bit |: ee 
Mg. per cent in first rabbit, in- 

jected with 10 cc. of patient's 

blood drawn 15 minutes after 

insulin 87 

Mg. per cent in second rabbit, 

injected with 10 cc. of patient’s 

blood drawn 25 minutes after 

insulin IOl 132 151 

The findings of this experiment further support the 
conclusions reached in the preceding experiments. 
Again there was an absence of the expected positive 
arteriovenous difference occurring after the 
ingestion of food and a dose of insulin 
(fg. 5, drop in open circle lines). 

This time the intravenous administration of a large 
dose of insulin given in conjunction with only a small 
carbohydrate meal (fig. 5, G) did produce a depression 
of the blood-sugar level which lasted for about 70 
minutes. 
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The rabbit experiments can best be interpreted 
to signify that 15 minutes after the intravenous ad- 
ministration of a large dose of insulin into the patient 
(fig. 5, F), enough active insulin was contained in it 
to lower the blood sugar of the rabbit. This was the 
sole instance in our experiments in which the transfer 
produced the anticipated sugar-utilizing effect. Ten 
minutes later (fig. 5, second asterisk), with the level 
of the patient’s blood sugar quite unchanged, no 
demonstrable insulin effect on the second rabbit could 
be shown (fig. 5, dash-dot line). In addition, this find- 
ing lends further support to the contention that the 
glycotropic factor present in this patient’s blood was 
a substance completely separate from insulin. One 
may speculate whether this factor was present, tem- 
porarily depressed in its action by large amounts of 
insulin, or whether it was the result of a hypothetical 
insulin inactivator or antagonist in the patient. 


DISCUSSION 


The investigative studies on this patient were 
originally undertaken in an effort to study the effect 
of insulin on the blood sugar of the patient and to 
demonstrate the presence of insulin in the blood of the 
patient after injection. It has been stated (15) that 2 
to 4 u of insulin will produce shock in a rabbit and 
that about one-third of.a u is necessary to produce a 
certain blood-sugar lowering effect. If one were to 
assume the patient's blood volume to be 6000 cc., it 
would appear that in the rabbit experiments there 
should have been one-fifth u or more in each sample 
removed for animal inoculation, were the insulin still 
present in an active form 15 to go minutes after its 
injection into the patient. However, if one grants that 
within a few minutes insulin diffuses throughout the 
interstitial fluid, the dilution factor should be in the 
neighborhood of 18 liters; this would mean that about 
1/15 0faunit would be contained in each transfer. This 
amount seems hardly sufficient to produce any lower- 
ing of the blood sugar of the rabbits, and in fact, in 
only one instance did any such depression occur. On 
the contrary, the blood-sugar values were usually 
higher. In general, the rise appeared to become more 
marked as the time interval after the injection of in- 
sulin into the patient increased. These results offer 
confirmation of Glen and Eaton’s findings (8) that 
the injection of the serum of their insulin-resistant 
patient into rabbits induced an active insulin an- 
tagonism in them and that this was more marked if the 
patient had had insulin one-half hour before with- 
drawing the blood. 

De Wesselow and Griffiths (16) injected the plasma 
of certain elderly diabetics into rabbits and found 
that the duration of the hypoglycemia produced by 
intravenous insulin was reduced whereas the blood 
of young diabetics had no such effect. This suggested 
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to them the presence of a pituitary-like diabetogenic 
factor rather than lack of insulin. They considered 
the older individuals to be insulin-resistant in type 
and the younger ones insulin-sensitive. Marble, 
Fernald and Smith (3) were unable to obtain such an 
insulin-inhibiting substance from the plasma of 30 
diabetic patients, chiefly elderly, except from the 
blood of their two insulin-resistant subjects. Griffiths 
(14) performed insulin-glucose tolerance tests on both 
types of diabetics and on normal individuals. The 
control subjects and the young diabetics showed a 
response to insulin while the elderly ones did not, 
that is, their blood sugar continued to rise over the 
period of the test (which was 1.5 hours). The blood- 
sugar response of our patient was similar to that ob- 
tained in these so-called insulin-resistant patients, 
within the limits of the changes in technique of the 
test. The amounts of insulin used by us were, of 
course, very much larger. 

Griffiths (14) concludes that resistance was ‘mainly 
due to the inability of the hormone to exert to the 
full its control over the storage of sugar in the liver.’ 
Wilder (17), too, believes that the liver is principally 
at fault in many cases of marked insulin insensitivity. 
The large amount of glycogen in the liver found at 
autopsy in our case indicates a defect in the glyco- 
genolytic process. Whether this may have been due 
to the presence of a specific substance in the liver 
(18) or to the direct effect of the insulin-antagonist 
remains a matter of speculation. 

The substance found by Glen and Eaton (8) in their 
case of insulin resistance and the factor found in our 
patient are probably the same. In both, evidence was 
found of a factor antagonizing the action of insulin, 
although the methods used for its demonstration were 
different. In our case a hyperglycemic factor has also 
been demonstrated. Whether or not this is identical 
with the insulin antagonist or whether it represents 
a separate fraction, we cannot say. The work of 
Houssay (5), Young (7), and others previously cited 
has demonstrated that the anterior lobe of the pitui- 
tary gland may produce effects similar to those pro- 
duced in these studies. The pathological evidence of 
overactivity of the thyroid gland, suggesting activity 
of the thyrotropic hormone of the anterior lobe of the 
pituitary adds further support to the hypothesis that 
this gland is responsible for the anti-insulin and hy- 
perglycemic effects which have been demonstrated. 


SUMMARY AND CONCLUSIONS 


1. A case of complete resistance to insulin is re- 
ported. This patient was given from 500 to 2460 u 
of insulin daily for a period of almost 4 months. 

2. A search of the literature has revealed 20 cases 
of marked insulin resistance in diabetes mellitus. 

3. Experimental observations indicated that al- 
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though this patient was highly resistant to insulin, 
he nevertheless utilized insulin to some degree. 

4. Insulin-carbohydrate tolerance tests made with 
samples of blood taken at one-half-hour intervals 
demonstrated very little effect on the blood sugar ce 


spite very large doses of insulin given subcutaneous! 


or intravenously. A definite depression of the blood. 
sugar level was obtained when the intravenous dose 
of insulin was large enough (150 v). 


5. Insulin was demonstrated in the blood stream | 


of the patient after its administration to him. Enough 
insulin to depress the blood sugar of a ‘rabbit was 
present 15 minutes after the injection into the patient 
of insulin intravenously in one experiment, but this 
effect had disappeared after 25 minutes. 


6. A substance capable of elevating the blood: | 


sugar levels of the rabbits was repeatedly demon- 
strated in the patient’s blood. This hyperglycemic 
effect became more pronounced as the immediate ef- 
fect of the insulin wore off. 

7. The data suggest that the phenomenon of insulin 
resistance, in this patient at least, was produced by the 


presence of an insulin antagonist. Whether this was , 
identical with the hyperglycemic factor or whether | 


it represented a separate fraction, we cannot say. 


REFERENCES 
1. Root, H. F.: Insulin resistance and bronze diabetes. New 
England J. Med. 201: 201. 1929. 

2. Martin, W. P.,H.E. Martin, R. W. Lysrer anv S. Strouse: 
Insulin resistance. Critical survey of the literature with the 
report of a case. J. Clinical Endocrinology 1: 387. 1941. 

. Marstez,A., A. T. FERNALD ANDR. M. Smitu. Effect of human 

diabetic plasma upon blood sugar curves in rabbits following 

insulin. Endocrinology 26: 735. 1940. 

Levi, J. I., anp H. T. FrrepMan: Insulin resistance in a case 

of diabetes mellitus and chronic lymphatic leukemia. New 

England J. Med. 225: 975. 1941. 

. Houssay, B. A.: Diabetes as a disturbance of endocrine regula- 
tion. Am. J. M. Sc. 193: §81. 1937. 

. Lone, C. N. H., B. Katzin ann E. S. Fry: The adrenal cortex 
and carbohydrate metablism. Endocrinology 26: 309. 1940. 
. Younc, F. G.: The diabetogenic action of crude anterior 

pituitary extracts. Biochem. J. 32: 513. 1938. 

8. Gren, A., AND J. Eaton: Insulin antagonism. Quart. J. Med. 

31: 271. 1938. 

Wiener, H. J.: Diabetic coma requiring an unprecedented 


~ 


5 2 


n wr 


—I 


9. 
amount of insulin. Am. J. M. Sc. 196: 211. 1938. 

10. Himswortu, H. P.: The mechanism of diabetes mellitus. 
Lancet 2: 171. 1939. 

11. Lawrence, R. D.: Studies of an insulin-resistant diabctic. 
Quart. J. Med. 21: 359. 1928. 

12. Jensen, H. F., anv J. F. Gratton: The identity of the glyco- 
tropic (anti-insulin) substance of the anterior pituitary glind. 
Am. J. Physiol. 128: 270. 1940. 

13. Youne, F.G.: The pituitary gland and carbohydrate metab- 
olism. Endocrinology 26: 345. 1940. 

14. Grirritus, W. J.: Insulin resistance and the arteriovenous 
blood sugar difference. Clin. Sc. 3: 91. 1937. 

15. Jensen, H. F.: Insulin, its Chemistry and Physiology. Ox‘ord 
University Press, London, 1938. 

16. De Wessetow, O. L. V., AND W. J. Grirritus: On the pos- 
sible role of the anterior pituitary in human diabetes. Li ncet 
I: QQI. 1936. 

17. Wixper, R.: Clinical Diabetes and Hyperinsulinism. W’. B. 


Saunders Co., Philadelphia, 1940. p. 63. 
Loew, O.: Glykaimin und Insulin. Klin. Wchnschr. 6: 2169. 


1927. 


18. 


Volume 4 


! 


1] 
| 
| 


——=$ = 





C 


Fron 
crin 
Sina 


| 


denc 
| latin 
biock 
(4) a 
The 
75 pe 
evide 
most 
probl 
Tk 
misbe 
genet 
menti 
has le 
of mz 
havior 
exper! 
his so 
ings a 
dren ; 
tions « 
follow 
Wh 
the ad 
itself 1 
series 
\ The p 
Ppcoms 
tally | 
pared 1 
now be 
sufficie 
The 
lems er 
of such 





Receit 


Combined Use of Testosterone 
| Propionate and Psychotherapy 
vals in Treatment of Hypogonadal 


Behavior-Problem Boys 


[Treatment of Hypogonadism} 





Gose 
ream  H. §. Rusinstetn, Px.D., M.D. 
ough 
‘was | From the Laboratory for Neuroendo- 
, aaa crine Research, Surgical Division, 
nee Sinai Hospital, Baltimore, Maryland 
c yod- | 
ae HE CLOsE relationship between the endocrine CASE REPORTS 
sit | system and neuropsychiatric functions is be- Case 1, S.K., a white male 12 years and 9 months of 
alk coming more and more recognized. The evi- age presented a typical dystrophia-adiposo-genital syn- 
dence pointing to this interrelation has been accumu- drome with characteristic shoulder-pelvic-girdle adiposity 
sulin | lating from many sources. Thus, anatomical (1), and infantile genitalia. The penis was 2 cm. in length. The 
she biochemical (2), psychological (3), neuropathological Parents complained of the child’s misbehavior in school. 
as 4) and clinical studies (5~7) have all played a part. He frequently interrupted the teacher’s remarks in order 
hor | The observation by Rowe (8) that approximatel aedbrysgrs: what he considered to be erroneous statements 
ther y : Be, £5 “Y and he insisted on calling out the answers to questions 
75 per cent of 374 problem children disclosed definite india adie eine: 
| evidence of pituitary defect represents one of the He was mentally alert, very boastful and spoke of his 
New | most exhaustive clinical studies bearing upon the intellectual superiority over other children. He never 
problem. cried about his genital abnormality nor was he over- 
outs: The frequent occurrence of endocrinopathy and emotional in other respects. But he refused to undress in 
h the misbehavior in children may indicate that a common _ the gymnasium and to enter in the nude the swimming 
uman | genetic factor is responsible for both the physical and pool at school. On the Binet-Simon test he displayed a 
wing mental aberrations. Personal observation, however, mental age of 18 years 3 months and an intelligence quo- 
s case has led to the impression that the problem behavior “&Dt of 143. eae, i! Rear 
New | of many endocrinopathic children like the misbe- Bar hie ee it yer ‘ ean ae ve 
egula- havior of the normally constituted child is frequently ‘sean a his chronological age, cael him to 
| experientially-determined. Such a child, because of flaunt his mental superiority before his class-mates. As a 
~ortex | his somatic disfigurement becomes the target of jib- result he became the shunned member of his class. Left 
ae ob ings and excoriating epithets inflicted by other chil- to himself he became more egocentric and self-sufficient. 
dren and even by childishly humored adults. Reac- He was treated with anterior pituitary extract! twice 
Med. | tions of depression or compensatory aggressions soon weekly, and placed on dietary restriction. Although he 
ented | follow. lost weight with this treatment, at the end of 2 months 
While psychotherapy is undoubtedly helpful for the genitals had failed to develop. He was, therefore, 
Ilitus. | the adjustment of such patients it naturally fails in 8'Ve9 additional subcutaneous injections of testosterone 
bstie | itself to alter the bodily defects which initiated the  Propupnate twits weekly in coses of 25 me tot ed 
slyco- " ines of exper ee 8 responsible for the a mg. (each injection) thereafter. Psychotherapy by way of 
gad: |\ ar Peeees SSeS endocrine preparations, there ore, persuasion and re-education in order to improve his 
abe | becomes important. This 1s par ticularly true In geni- personality traits and social relations was also included. 
a’V/tally hypoplastic boys since the synthetically pre- Only after 9 months of such treatment when the bodily 
enous | Pared male sex hormone, testosterone propionate, has form approached the normal and the penis had grown toa 
now become available in sufficiently pure form and in _ length of 5 cm. with a circumference of 6 cm. did he make 
xford | sufficient quantities for clinical use. a satisfactory adjustment toward his work and play- 
- pos’ | The following case reports will disclose the prob- fellows. He then saw and accepted his previous forward- 
.ncet | lems encountered and the results obtained in a series 8°88 and conceit in school as an overcompensation for his 
yp, | of such hypogonadal problem children. feelings of inferiority to other children. 
a 1 The anterior pituitary extract was supplied by E. R. Squibb 
2169. Received for publication July 1, 1942. and Sons, New Brunswick, New Jersey. 
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Case 2, M.S., a white male 14 years of age also pre 
sented the syndrome of dystrophia-adiposo-genitalis. The 
penis was 2 cm. in length and 4 cm. in circumference. In 
addition, the testes were bilaterally undescended. These, 
however, could be palpated in the inguinal canals. Unlike 
the previous patient, he was slow in action, shy and re- 
tiring, and refrained from all games with other boys. His 
mental age (Binet-Simon) was 12 years; the intelligence 
quotient was 86 and the B.M.R. —15. Thyroid 1 grain, 
twice a day soon raised the B.M.R. to —8. Testosterone 
propionate,” 10 mg. twice weekly, injected subcutaneously 
over a period of 3 months resulted in more normal bodily 
configuration, a penile development to 5 cm. in length and 
6 cm. in circumference with bilateral descent of the testes. 
In addition, he became more alert mentally and advanced 
on the Binet-Simon scale to an I.Q. of 98 (mental age 14 
yr., 1 month). His attitude toward other children im- 
proved so that he spontaneously engaged in combative 
sports with the boys of the neighborhood. 


Case 3, D.B., an 11-year-old white male was seen in 
June, 1938, because of disrespect, moodiness, temper 
tantrums and frequent fights with other children. These 
complaints dated back about 2 years, prior to which time 
he had been quiet and had seemed almost too well be- 
haved. He made very good marks in school but here, too, 
he had become talkative and boastful. The patient spent 
a good deal of time with his mother and as an only child 
had been pampered. The first indication of behavioral 
change had occurred when the mother, as was her usual 
custom, attempted to bathe him. He refused to expose 
himself before her and in response to her insistence gave 
way to an outburst of temper which for him was some- 
thing new. This was followed by a crying spell. 

Physical examination disclosed a normal height (56.7 
in.) but a weight of 110 lb. which was about 31 Ib. above 
the maximum normal of 79.4 lb. (9). There was no skeletal 
disproportion. The fat deposition was of the shoulder- 
pelvic-girdle type. The breasts were also obese but dis- 
closed no evidence of mammary tissue. The genitalia 
were diminutive. The left testis had descended but the 
right testis was still in the inguinal canal and could not 
be pushed into the scrotum. Each testis was about the 
size of a small filbert nut. The penis was infantile in ap- 
pearance being only 1.5 cm. in length. Neurological find- 
ings were essentially normal but the right cremasteric re- 
flex was absent. B.M.R. was —19. The results of other 
laboratory studies were normal. Mentally the child was 
alert, spoke relevantly, was well behaved and co-operative. 
He could not explain why he mishaved and when asked 
if it might be because he wanted something which he did 
not possess he replied that he had everything and even 
boasted of his superiority over other boys. Binet-Simon 
test revealed a mental age of 12 years 7 months and an 
1.Q. of 114. 

Treatment consisted of a diet containing 1533 calories, 
an amount which was based on a body weight of 70 Ib. It 
consisted of protein 65 gm., carbohydrate 127 gm. and fat 


2 The author acknowledges with appreciation the aid of the 
Ciba Pharmaceutical Products Company Inc. for supplying the 
testosterone propionate (Perandren) and for partially defraying 
the expense of these studies. 
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85 gm.; thyroid, .5 grain 3 times a day adequate vitamin 
intake; testosterone propionate, 5 mg. twice weekly by 
subcutaneous injection. In addition, psychotherapeutic 
discussions elicited that he was painfully aware of his 
genital inferiority, having made comparisons with other 
boys. His aggressiveness was merely to show these other 
boys that he could still be their superior. His recent recog- 
nition of his own difference from other boys was responsi- 
ble for his sudden reluctance at disrobing before his 
mother. His temper outburst was his substitute for a more 
active form of aggression. By the end of November, 1938, 
after 5 months of treatment he showed an excellent 
physical change. The penis had grown to 3 cm., the height 
had become 58.3 inches (a growth of 1.6 in.) and the weight 
was reduced to 102 Ib. (a reduction of 8 Ib.). The most 
striking result however was observed in his behavior. He 
again became the ‘good boy’ at home although he re- 
mained adamant in his refusal to permit bathing by his 
mother. The fighting had stopped but wrestling became 
his favorite sport. Treatment was discontinued. Three 
months later his behavior was still satisfactory. Figure 1 
shows a comparison of the genitals before treatment and 
3 months after cessation of treatment. 


Case 4, H.S., a white male 14 years and 1 month of age, 
was referred in November, 1938, because he ‘acted pecu- 
liarly’ at home. This peculiar behavior dated from the 
death of his father 2 years previously. At that time he 
went to live in the home of an older boy cousin who dis- 
covered that the patient had small genitals and taunted 
him about it. This so shamed him that he avoided other 
children whenever he could. He had frequent periods of 
sadness which were brought on either by thoughts of his 
deceased father or if he argued with his uncle with whom 
he lived. He felt that the uncle was taking advantage of 
him and his mother. Because he was now aware of his 
own defects, he felt that he would never be able to do 
anything about his uncle’s unfairness, especially since he 
felt that he would always remain “weak and boyish.’ The 
difficulty concerning the uncle was found to have arisen 
from the patient’s impression that the business affairs of 
his mother were being mishandled by the uncle. The 
mother, however, did not corroborate this accusation. 
At home the patient always wished to remain alone, 
although by his own admission he liked to listen in on the 
conversation of others from an adjoining room where he 
was supposedly studying. 

Physically he was of normal height, 59.3 inches (normal 
range, 58.6-62.8 in.) and weighed r1o Ib. (normal 
range 81.1-102.9 lb.). His lower bodily measurement of 
30.8 in. was 2.3 in. longer than his upper measurement of 
28.5 in. Normally, this difference should have been about 
1 in. He disclosed a moderate obesity of the shoulder: 
pelvic-girdle type, a penis 1.5 cm. in length, very small 
testes which, however, were well descended in the scro- 
tum. The findings in a neurological examination were 
normal. Psychiatric survey disclosed a shut-in type of 
personality with marked feelings of resentment against his 
cousin for teasing him and against his uncle whom he 
considered a cheat. The results of all of the laboratory 
studies made were normal. Binet-‘Simon test disclosed a 
mental age of 16 yr. and an I.Q. of 113. 
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Treatment consisted of subcutaneous injections of 
testosterone propionate 3 times weekly. This was given 
consecutively in doses of 5 mg. for 3 injections, 10 mg. for 
5 injections, 25 mg. for 7 injections, 10 mg. for 5 injections, 
and 5 mg. each for the remaining 10 injections. During 
these 10 weeks the patient was also treated psycho- 
therapeutically. He could reason very well so that he could 
readily be made to see the inadequate basis for his suspi- 
cion of his uncle. He soon stated that he had placed his 
uncle in the same category as the uncle’s son, i.e., the 
cousin who had made him so painfully aware of genital 
inferiority. As the phallus developed it was easy for him 
to accept the jibings of his cousin as manifestations of a 
childish sense of humor. By this time the height had be- 
come 60.2 inches (an increase of 0.9) and the weight was 
reduced to 105 Ib. (loss of 5 Ib.). The penis had grown to 
6.5 cm. in length and 8 cm. in circumference. A crines 
pubis made its appearance. Treatment was discontinued. 
Three months later acommunication from his mother dis- 
closed that ‘his behavior has changed more than I can tell 
you. He used to be moody and very distant. It would take 
him a very long while to make friends. He has become 
more forward and acts more as if he were on the same foot- 
ing with others. He was always kind but now he seems 
more than ever to take up for the underdog.’ Figure 2 
shows the genital changes in this patient. 


Case 5, P.S., a white male, 11 years and 10 months of 
age was referred in March, 1941, because of peculiar mo- 
tions of his mouth, vicious temper, stinginess and rude- 
ness. The boy’s father had deserted the mother 3.5 years 
previously. About 1.5 years ago the child learned of his 
mother’s intention to remarry. Soon thereafter he began 
displaying various tics. At the time of his first visit, he 
twitched his mouth and evoked a peculiar expiratory 
grunt. He cried easily and bragged a good bit about his 
cleverness, particularly regarding matters of money. He 
refused to spend his own money and spoke of its great 
accumulation as the goal toward which to strive. He took 
a delight in teasing his mother and frequently made re- 
marks in the presence of her second husband threatening 
to tell him of some secret about her. The mother had 
found it very difficult to discipline the child since he took 
advantage of their congested living quarters and cried so 
loudly at the least provocation that the landlord who 
lived just below them threatened to make them move. 
The mother would then yield to his demands. 

Examination disclosed a well grown boy whose height 
of 59.7 in. was 0.9 in. taller than the maximal normal of 
58.8 in. for his age. The weight was 115.8 lb. about 17 lb. 
above the maximum normal of gg lb. for the height. The 
skeleton showed a eunuchoid disproportion, the upper 
Measurement being 28.1 in. as compared to a lower 
measurement of 31.6 in. The genitalia were extremely 
small. The penis was 1 cm. in length, the right testis was 
palpable in the diminutive scrotum but it was also tiny. 
The left testis could not be felt in the scrotum or inguinal 
canal. Neurological examination merely disclosed nu- 
merous repeated, stereotyped and imitable twitching 
movements of the lips with occasional expiratory grunt- 
ing. These could be controlled by persuasion. No evidence 
of organic neurological defect was noted. Mental survey 
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disclosed a personality of selfish, bullying, argumentative 
make-up. While cowardly in the presence of other boys, 
he was disrespectful and threatening when alone with his 
mother. He complained that other boys did not like him 
and when asked why he replied ‘Because I'm different.” 
When asked to explain further he placed the difference on 
the basis of religion. The mental age was 13 yr. and 4 
months and the I.Q. was 112. Basal metabolic rate was 
—17. The results of all other laboratory studies made were 
normal. Only once did he allude to a feeling of having been 
cheated. By this he meant his father’s desertion and his 
sense of being different from others. He would not elabo- 
rate on the latter, but because he would never undress 
before other boys it was assumed that his awareness of a 
difference had a basis in other than mere religion. 





Fig. 1. Case 3, D.B., 11 YEARS OLD; upper, June 1938; lower, 
Feb. 1939, 3 months after cessation of testosterone propionate 
therapy for 5 months. 


Fig. 2. Case 4, H.S., 14 YEARS OLD; upper, Nov. 1938; lower, 
Feb. 1939, after 10 weeks of therapy with testosterone propionate. 


Fig. 3. Case 7, N.M., 11 YEARS OLD; upper, Dec. 1938; lower, 
March 1939, after 10 weeks of therapy with testosterone 
propionate. 

Fig. 4. Case 8, D.L., 14 YEARS OLD; upper, Dec. 1938; lowe:, 
March 1939, after 3 months of treatment with testosteron2 
propionate. 


Here we were dealing with a boy whose obvious re- 
sentment toward his mother’s remarriage was manifested 
by temper tantrums, growing disrespect, and threats to 
expose her as an attempt to embarrass her. Therapeutically 
however, not only did the boy require attention but the 
home situation called for radical revision. Accordingly, 
treatment was directed toward discussion with the 
parents concerning the establishment of a more uniform 
attitude. The mother was urged to consider her son just 
another human being and to be guided in her response to 
his insults as she would to a stranger's. For example, 
when asked what she would do if a strange child spoke to 
her as her own child did, she immediately responded that 
she would ‘cut him cold.’ That same attitude of aloofness 
until the child spoke to her with the respect which he had 
previously displayed was therefore decided upon. It is 
interesting that the patient and step-father got along well 
together, perhaps because the latter did little to discipline 
the boy. 
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His allowance thereafter was to be earned on the basis 
of proper execution of assigned tasks rather than-to be 
received as an expected and outright donation. Discussion 
was carried on with the patient in order to build up a 
feeling of security and appreciation. Past grievances 
which he held against his mother were discussed and dis- 
pelled. At the same time subcutaneous injections of testo- 
sterone propionate were given twice weekly in 25 mg. 
doses for the first 12 treatments. For the next 9 weeks the 
dosage was decreased to 5 mg. each. By that time the 
genitals had shown excellent growth and both testes 
became lodged in the scrotum. But most important, his 
behavior had improved. He was therefore discharged. 
When seen 2 months later there were no complaints from 
either parent or child. He had become more obedient, was 
more respectful, said he felt ‘more like a man,” and had 
developed a genuine feeling of security. He no longer 
considered himself as having been cheated. The tics had 
disappeared. 


Case 6, R.M., white male 16 years of age, was seen 
because, according to his mother, he was thin, very shy, 
had a squeaky voice and seemed otherwise to be effeminate. 
These complaints dated from about 2 years previously. 
Prior to that time he had been apparently normal. He was 
a good student, in the last year of high schoool. He had 
always been interested in boys’ activities and had been 
fond of hiking. Recently, however, he avoided more and 
more the swimming and gymnasium classes in school. As 
a matter of fact he, very early in the interview, asked if a 
note would not be written to the gymnasium instructor 
requesting that he be relieved from this course. At first 
he gave as an excuse for this request that he felt weak. 
Somewhat later he mentioned his self-consciousness and 
feelings of inferiority because of his being different from 
other children. 

Physical examination disclosed a lad of normal stature 
(62.3 in.) who weighed but 83 lb. (minimum normal for 
his age was 91.6 lb.). The skeleton was disproportionate, 
being 28.5 and 33.7 in. for the upper and lower measure- 
ments, respectively. The skin was sallow and the face was 
hairless . The genitals were rather small, the penis being 
6 cm. !n length and 4 cm. in circumference. The testes 
were about the size of pigeon eggs but were well descended 
into the scrotum. A slight crines of the feminine type was 
‘present. Findings in the neurological examination were 
normal. Mental survey disclosed a marked dependence 
upon his mother with a desire for attention so frequently 
seen in early childhood. The B.M.R. was —27. All other 
laboratory findings were normal. On the Binet-Simon test 
he showed a mental age of 17 yr and 4.5 months and an 
1.Q. of 111. 

The treatment consisted of injections twice weekly of 
testosterone propionate, 25 mg., for 16 weeks By this time 
the penis had grown to 8 cm. in length, the crines had 
become masculine in type, and the voice had become deeper. 
He now was more talkative and once again was active in 
hiking parties; he lost his shyness and re-entered the 
gymnasium class. At home his attitude toward his mother 
and sister became more sympathetic and more like that of 
a mature person. In contrast to previous behavior he no 
longer permitted himself to be babied at home. 
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Case 7, N.M., white male child, 11 years of age, failed 
to get along with other children because he always wanted 
to be the boss or the chief. He made good marks in school 
but there, too, had no intimate classmates. He therefore 
spent most of his free time alone. He would then be ob- 
served to bite his nails and occasionally cry. The family 
physician was consulted and on examination he discovered 
the child’s hypogenitalism. Believing the boy’s misbe- 
havior to be related to the small genitalia he referred the 
patient for aid in adjustment. 

Examination disclosed a quiet well behaved child of 
54.5 in. in height which was normal for his age. The 
weight was 84.5 lb., somewhat heavier than normal. The 
moderate obesity was distributed over the shoulder and 
pelvic girdles, breasts, abdomen, upper thighs and mons 
pubis. There was also a noticeable degree of genu valgum. 
The genitalia were infantile in appearance. The penis was 
3 cm. in length and extremely narrow in width. The scro- 
tum was shallow and contained a very small testis on the 
left side. The right testis was absent from the scrotum and 
could not be felt in the inguinal canal. Several days later, 
this testis appeared in the upper inguinal canal only to 
disappear again the next day. There were no neurological 
defects. The findings in all laboratory tests made were 
normal. Psychiatric survey showed no striking evidence 
of affective or content disorder. He did feel, however, 
that he ought to be the leader in games because he felt he 
could not let the other boys tell him what to do. At no 
time did he allude to his hypogenitalism, and no discussion 
was held at this time concerning this deficiency. Binet- 
Simon disclosed a mental age of 10 yr. and 10 months and 
the I.Q. was 98. 

Treatment consisted in discussions concerning the fair- 
ness of taking turns in leadership with other children, the 
importance of team work for success, and a definite 
schedule for play with other children was prescribed. This 
included classes at the local gymnasium in an attempt to 
develop an attitude of acceptance toward the group. 

Injections of testosterone propionate, 10 mg., were 
given three times a week for 2 weeks. At the end of this 
time both testes were in the scrotum and remained there. 
Dosage was then dimininished to 5 mg., three times weekly 
for 2 weeks and was then further decreased to 5 mg. twice 
weekly for the next 8 weeks. The penis by this time was 
well grown, reaching a length of 6 cm. The scrotum, too, 
was well developed (fig. 3). As a matter of fact the whole 
body took on a more normal configuration. A small crines 
began to make its appearance. After the first month of 
treatment he began making a good-adjustment towards 
his school-mates and in the gymnasium. His spirits im- 
proved. His previous attitude of belligerence toward the 
other boys was then brought up for discussion and it was 
disclosed that he had been made aware of his hypogenital- 
ism several years earlier in a ‘test’ held by some older boys. 
From that time on he had frequently brooded over the de 
fect but had never spoken of it to anyone. 


Case 8, D.L., was referred when he was 14 years and 3 
months old because he had become obstinate and bashful. 
He had begun to gain excessive weight at 9 years of age 
but had apparently gotten along well with other childrett 
and at home until 1.5 years before his visit. At that time 
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he began associating with older boys. In contrasting his 
own appearance with theirs he had noticed the small size 
of his genitals. He then made similar comparisons with 
boys of his own age and observed that he ‘was also smaller 
than they.’ Evidently the other boys were making their 
own observations, since they began to tease him and called 
him ‘pee-wee.’ Thereafter he refrained from participating 
in their games, remained more to himself and became 
bashful. The stubbornness was brought out when his 
mother, observing his tendency to remain at home after 
school, insisted upon his going out to play. Refusal on his 
part led to her urging him. He would then display out- 
bursts of temper and for the rest of the day would be un- 
willing to do anything she asked of him. The teasing by 
the boys led to feelings of a lump in the throat which was 
present even as he spoke about it to the examiner. During 
the past year he had developed a twitch in the left eye 
which recurred mostly when he was excited or ashamed. 
His sleep was not disturbed but he frequently dreamed 
that he was a great athlete. 

Physically he disclosed a normal height of 61.8 in. but 
a weight of 140.5 lb. which was some 30 |b. heavier than 
the maximum normal for that height. He showed a 
eunuchoid skeletal disproportion, the upper measurement 
being 29.0 and the lower 32.8 in. The obesity was of the 
shoulder and pelvic-girdle type; there was a genu valgum. 
The penis was 1.5 cm. in length. Both testes were palpable 
in the scrotum but were about the size of a small almond. 
A sparse crines pubis had begun to appear. The results of 
laboratory studies were essentially normal, except that the 
B.M.R. was —10. Psychiatric survey disclosed only a 
keen sensitivity to his abnormal configuration and hypo- 
genitalism, with mild reactions of depression, sulking, 
crying spells and temper tantrums. Psychometric study 
revealed identical mental and chronological ages. 

Treatment consisted of explaining to the parents the 
origin of the child’s bashfulness and obstinacy; the estab- 
lishment in them of a more sympathetic attitude toward 
the child’s disability and a recognition of his need for 
privacy during the early stages of treatment. 

Discussions were held with the boy concerning the 
importance of maintaining social contacts; the differences 
existing between people generally were also stressed. 

Injections of testosterone propionate, 10 mg. twice 
weekly, for 3 months led to a penile growth to 5 cm. (fig. 
4) and a bodily configuration which took on a more normal 
appearance. The patient's entire attitude then changed. 
His personality again became characterized by the socia- 
bility which he had previously displayed. 


Case 9, B.B., was 12 years and 1 month old, a boy with 
Frohlich bodily configuration and a penis of 1 cm. length. 
When at home he constantly demanded attention, in- 
sisted on being bathed by his mother and pouted at any 
disappointment, regardless of its triviality. He preferred 
to remain alone and rarely if ever joined the games of other 
children of his age. The mental age was 10 years and 6 
months and the I.Q. was 87; B.M.R. was —10. 

He was treated with testosterone propionate, 25 mg. 
twice weekly, for one month; 10 mg. twice weekly for the 
next 2 months; and 5 mg. once weekly for the following 
month. Thyroid, 1 grain 3 times a day was also given and 
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dietary restriction was instituted because of the low 
B.M.R. and obesity. In addition, he was encouraged to 
work toward a goal of greater self-dependence. 

By the end of 4 months the penis had become 5 cm. in 
length, a small crines made its appearance and there was 
sufficient loss in body weight to alter the entire bodily 
configuration. Behavior at home was described as greatly 
improved. He developed the ability to care for himself, 
began playing with boys of his own age and really took 
pride in his newly developed maturity. 


Case 10, H.A., a white male, 13 years of age, was re- 
ferred by his family physician because he was fat, had 
genital infantilism and was moody. By moody was meant 
that he periodically became quiet, sullen, irritable when 
spoken to, preoccupied and frequently stared into space. 
Physically he was of normal height, 60 in. but weighed 
183 lb., at least 80 lb. overweight, and disclosed a typical 
Frohlich bodily configuration. The penis was so small that 
it could not be seen when he stood straight. The scrotum 
appeared bi-partite, resembling labia majora. The crines 
was present but was of the feminine type. The left testis 
was felt in the scrotum and appeared to be about the size 
of a pea. The right testis was smaller and was situated neat 
the external ring. The findings in neurological examina- 
tion were negative. Psychiatric survey disclosed an ap- 
preciation of being different and the admission of fre- 
quently having his feelings hurt because the other boys 
teased him. His sullen periods were taken up with 
thoughts about being different from other boys. This 
awareness made him feel sorry for himself, and a lump 
would form in his throat. At these times, if the matter 
were discussed he would become angry. Psychometric- 
ally he disclosed a mental age of 15 years and an I.Q. of 
115. B.M.R. was —15; no other laboratory abnormalities 
were observed. 

Treatment consisted of discussions in which ex- 
planations of biological variations were stressed in an 
attempt to create an attitude of acceptance. Encourage- 
ment was given concerning future possibilities of develop- 
ment. A work-play program was arranged in which ac- 
tivities with other children would be supervised in a 
gymasium. The parents were advised to refrain from dis- 
cussing his moodiness with him. They were merely to 
report it. A restricted diet and thyroid extract 1 grain, 3 
times a day were prescribed and testosterone propionate 
25 mg. 3 times weekly was given by subcutaneous injec- 
tion. After 2 months this dosage was decreased to 25 mg. 
twice weekly. One month later, 3 months after treatment 
had begun he still weighed 165 lb. but the genital organs 
had developed so well that the penis was now 6 cm. in 
length and both testes had grown to normal size. As geni- 
tal development improved the entire behavior of the child 
changed. Preoccupation ceased, he became highly spirited 
and he had become well adjusted in the group. 


Five additional patients, all presenting behavior 
problems of one kind or another were also found to 
present varying degrees of genital infantilism. These, 
too, responded in similar satisfactory fashion. Psycho- 
therapy in all cases consisted of attempts to establish 
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acceptance at least temporarily, and afford encourage- 
ment. A brief report of these cases follows: 


Case 11, H.F., 15 years old, began showing signs of ir- 
ritability 2 months prior to his first visit and wanted to 
stop school. His marks had been good but now he said he 
could not concentrate. The boys omitted him from their 
games because he was slow. Physically he showed an 
obesity (weight 164 Ib.) but was of normal stature (60 in.). 
The genitals were undersized; the penis was 3 cm. long and 
the testes were descended but small. Testosterone pro- 
pionate, 25 mg. twice weekly, for 3 months led to normal 
genital development. Dietary restriction resulted in loss 
of weight to 140 lb. With bodily change came improve- 
ment in emotional responses and a renewed interest in 
school. 


Case 12, G.E., 16 years and 4 months of age, displayed 
crying spells and loss of appetite for the past 6 months. 
Examination disclosed a normal height of 63 in. and weight 
of 110 lb. but small genitalia, although a crines was making 
its appearance. His friends who were now maturing were 
teasing him. He tried to avoid them. Psychometry dis- 
closed a mental age of 15 years, 2 months. Testosterone 
propionate, 25 mg. twice weekly for 4 months resulted in 
a growth of genitalia so that the penis increased from its 
original length of 4 cm. to 8 cm. At the end of 4 months 
he began to masturbate. Examination of the ejaculate dis- 
closed living spermatozoa. His spirits in the meantime had 
undergone a remarkable improvement. The problems of 
masturbation and venereal disease were taken up with 
him and he was discharged. 


Case 13, T.Y., 12 years of age, had for the past year 
been impudent to his parents. Before this time he had been 
well behaved. Neither threats, punishment, nor reasoning 
had any effect on the boy. Examination disclosed mild 
obesity but normal physical measurements otherwise. The 
genitalia were small, the penis 2.5 cm. in length, the testes 
descended but pea-like in size. No basis for his misbe- 
havior could be determined. Testosterone propionate, 25 
mg. twice weekly for 2 months, followed by 10 mg. doses 
twice weekly for 2 more months resulted in penile growth 
to 5 cm. and testicular development to normal size. With 
genital development the child’s behavior improved. 


Case 14, J.S., a 17-year-old high school student, began 
staying away from gym class without satisfactory reason. 
His parents also stated that he spoke of quitting school 
although he had always gotten along quite well before. 
Examination disclosed normally descended and fairly well 
developed testes but a penis 4 cm. in length. In discussion 
he explained his recent behavior as arising from his desire 
to keep his knowledge to himself. A note was written 
to the principal asking that the temporary absence from 
gym class be excused. Testosterone propionate, 25 mg. 3 
times weekly by subcutaneous injection, resulted in a 
penile growth to 7 cm. in 3 months. He then returned 
to gym class and has been getting along very well since. 


Case 15, M.M., 17 years of age, began having attacks 
of paroxysmal tachycardia and complaints of weakness and 
nausea for several months. Cardiologic studies disclosed 
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no evidence of cardiopathy but small genitals were dis- 
covered and he was referred for treatment. 

No psychogenic factors could be elicited. He was 
treated with testosterone propionate, 25 mg. twice weekly 
by subcutaneous injection, and within 4 months the penis 
had grown from an initial 4 cm. to 7 cm. From the time 
the penis began showing signs of growth, i.e., after the 
third injection, the weakness gradually improved and 
nausea disappeared. Since the second month of treatment 
there have been no tachycardial attacks 


DISCUSSION 


The series of cases herein studied emphasizes how 
closely the misbehavior of this group of problem 
children depended upon their endocrinopathicaily 
determined somatic defects. In such patients the evi- 
dence of somatic abnormalities may be rather general 
as exemplified by the presence of a Frohlich bodily 
configuration or a eunuchoid skeletal disproportion. 
Frequently, however, such gross evidence of consti- 
tutional dysplasia may be entirely absent. Nor is the 
presence of infantile genitalia always the criterion of 
hypogenitalism, since in at least two of these patients 
the phallic development, while somewhat under- 
sized would, under ordinary circumstances, be con- 
sidered normal on routine physical examination. Such 
patients may well be classed as cases of masked hypo 
gonadism. 

That gonadal deficiency in laboratory animals fre- 
quently results in behavioral changes particularly in- 
volving sexual aggressiveness is quite well known 
(10). Such effects have been observed not only in cas- 
trated males who frequently fail to respond to the 
estrual female but also in spayed females who then 
become devoid of the cyclic receptivity, estrual court- 
ship, peculiar vocalizations and posturings of the in- 
tact animal. The use of sex hormones experimentally 
has also emphasized the effect of the endocrines on 
such behavior. For example, testosterone propionate, 
the hormone used in our own studies, when adminis’ 
tered to the newly hatched male chick or to the hen 
leads to premature cock-like reactions in the one (11) 
and to distinct masculine behavior in the other (12). 
When injected into castrated male guinea-pigs (13) or 
impotent male rats (14) the waning sex drive and ca’ 
pacity for copulation are again restored. That the re- 
sponse to this hormone is not always fixed is indicated 
by the female mating behavior displayed by male 
lizards (15) and some male albino rats (16) following 
such treatment. 

In the human being, however, because of the itv 
creased complexity of personality structure and be- 
cause of the tremendous influence of social and other 
experiential factors on personality development, 
docrine defects, even when limited to the gonads, may 
influence behavior in other than mere sexual spher:s. 
That anxiety, depression, and emotional instability 

















Au 


fre 
org 
kn 
fav 
tos 
the 
mo 
ora. 
ups 
SOC! 
feel 
usu 
inhi 
oth 
tot 
rest 
circ 
b LV) 
dyn 
kno 
diffe 
meré 
men 
this 
It 
whic 
dict 
Lorr 
sive- 
Froh 
plian 
pears 
fixed 
seem 
the i 
porte 
types 
config 
tient 
ing tl 
who | 
each | 
choth 
patiet 
educa 
adapt 
of irri 
Th 
impor 
those 
ficulty 
Cases, 
a mor 
have | 
of this 
tions, 








e dis- 


- was 
eekly 
penis 
- time 
x the 
1 and 


ment 


how 
blem 
ically 
> Vir 
neral 
odily 
‘tion. 
msti- 
s the 
on of 
ients 
nder- 
con- 
Such 
Ly po 


s fre- 
ly in 
OWN 
1 cas’ 
> the 
then 
ourt- 
1e i 
tally 
>s On 
nate, 
1iNis’ 
> hen 
- (x1) 
(12). 
3) or 
d ca 
e re 
sated 
male 
wing 


ie ity 
J be: 
other 
of 


>’ 


may 
eres, 
vility 














August, 1942 


frequently accompany diminished sex drive, whether 
organically or psychically determined, are. well 
known. And that these behavioral difficulties may be 
favorably influenced by adequate treatment with tes- 
tosterone propionate has also been reported (17). In 
the series of cases herein studied it appears that the 
most frequent and probably basic cause for behavi- 
oral aberration, which in many instances not only 
upset the individual but also caused him to become a 
social problem, was an inadequate adjustment to the 
feeling of being different. Being different to the child 
usually implies being inferior. He therefore becomes 
inhibited, with the result that normal drives and 
o:herwise outward expressions which ordinarily lead 
to the usual satisfactions of successful living, become 
restrained. Conflicts then arise only to be followed by 
circumvented types of response i.e., problem be- 
havior. The influence of inner conflict as a genetic 
dynamic factor in conduct disorders has long been 
known (18). It is the inadequate adjustment to being 
different that gives rise to the difficulty and not 
merely the actuality of being different. In the treat- 
ment of patients with non-alterable physical defects 
this principle becomes an important guide. 

It is interesting to observe that the manner in 
which the child will react to his deficiency is unpre- 
dictable. It has been stated (19) that the child of the 
Lorraine-Levy hypopituitary type shows an ‘aggres- 
sive-dominant’ personality while the child with the 
Fréhlich configuration tends to be ‘submissive-com- 
pliant.” On the basis of personal observation it ap- 
pears that such personality relationships are not really 
fixed. As a matter of fact the personality reaction 
seems to depend largely upon the life’s experiences of 
the individual. In the series of patients herein re- 
ported both aggressive and regressive personality 
types are to be found among the boys with Fréhlich 
configuration. It does appear, however, that the pa- 
tient with retarded mentality is more apt to be retir- 
ing than the one with a higher level of intelligence 
who more frequently becomes overly-aggressive. But 
each case must be approached individually and psy- 
chotherapy must be utilized in accordance with the 
patient’s needs. For the most part this consists of re- 
education, the use of a well planned routine best 
adapted to the needs of the patient, and the correction 
of irritating influences in the home situation. 

The use of specific hormone therapy is extremely 
important since only in this way is it possible to alter 
those original somatic defects which init‘ated the dif- 
ficulty. The use of testosterone propionate in these 
cases, because it so rapidly developed the genitals to 
a more normal size, may, therefore, be considered to 
have had a profound therapeutic effect. The dosage 
of this hormone, like that of other endocrine prepara- 
tions, must be graded in accordance with the degree 
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of structural deficiency. In well-marked hypogonad- 
ism a dosage of 25 mg., 3 times weekly appears to be 
satisfactory. This dosage can then be decreased both 
in amount and frequency as improvement occurs. It is 
interesting to note that in a number of patients this 
hormone not only led to phallic growth but in several 
instances also resulted in the descent of previously 
undescended testes and even to testicular growth. 

This latter observation is particularly noteworthy 
since testosterone propionate has been described as 
causing structural testicular defects in the rat (20, 
21) and depression of testicular function as judged by 
decreased sperm output in the human being (22, 23). 
From personal experience, both experimentally and 
clinically (24, 25), it may be said that if testosterone 
propionate is observed to produce deleterious effects 
on the testis, it probably indicates that too much of 
the hormone has been used in that particular indi- 
vidual. This opinion is based not only on the experi- 
mental observation that suitably small, although still 
androgenically potent, dosages failed to depress the 
testis (26) but also on the fact that the testis of the 
normal adolescent boy continues to grow in spite of 
the secretion of progressively higher concentrations 
of androgens (27). 

Finally, it is important to emphasize the complexity 
of the problem which embraces the endocrinopathic 
child who misbehaves. Fortunately, the patients re- 
ported in this communication responded well. Others, 
less fortunate however, failed to alter their behavioral 
tendencies in spite of improvement in their physical 
defects (28). In these it appears that a basic psycho- 
pathic propensity was so deep-rooted constitutionally 
that they lacked that plasticity which must be pres- 
ent if there is to be benefit from psychotherapy. 


SUMMARY 


Children with defective personality reactions fre- 
quently display endocrinopathic somatic defects. In 
a group of 15 such boys the behavior difficulties were 
found to be directly related to the frank or masked 
hypogonadism. Treatment with testosterone pro- 
pionate, usually commencing with 25 mg., 2 or 3 
times weekly, led to phallic growth in all cases. In 
several patients with undescended testes, testicular 
descent and growth also resulted. Concomitant psy- 
chotherapy was also used. This consisted of discus- 
sions with a view toward re-education, the establish- 
ment of a planned routine to include supervised ac- 
tivities in a group, and the restoration of more 
healthy home situations. 

All of the patients responded by establishing more 
satisfactory attitudes toward their defects and all 
developed a more acceptable behavior. The complex- 
ity of the problem is emphasized, however, by calling 
attention to other dysplastically constituted behav- 
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ior-problem children who failed to improve in their 
behavior even after the physical defects had been 
corrected. 
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Pubertas Precox in A Six-Year- 
Old Boy Produced by a Tumor 
of the Testis, Probably of Inter- 
stitial Cell Origin 


{Neoplastic Hypergenitalism] 
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M.D., Atvin E. Vitt, M.D., W. L. Ross, 
M.D.,Anp W.A.Douctas ANpERSON, M.D. 








F:om the Departments of Medicine, of Urolo- 
gs and of Pathology, St. Louis University 
School of Medicine, St. Louis, Missouri 


two general types, a), primary and b), second- 

ary. There has been some doubt that such 
an entity as primary hypergonadism exists, provided 
the gonads are situated normally, especially with our 
newer knowledge of the essentiality of the anterior 
pituitary gonadotropic hormone or hormones for 
gonadal development and function. However, this 
conception does not take into consideration the pos- 
sibility of tumors, interstitial cell or adrenocortical, 
the secretions of which may have androgenic activity. 

Pubertas precox may be due to four known factors, 
4), anterior pituitary hyperfunction, b), pineal dis- 
turbance, c), certain adrenal cortex tumors or disturb- 
ances and d), interstitial cell tumor of the testis. 

There are frequent instances of precocious puberty 
produced by anterior pituitary gonadotropic hor- 
mones, especially in girls, as evidenced by secondary 
sexual development, early epiphyseal closure and 
onset of menstruation. Werner (1) cited two cases in 
which menstruation began at 1 and 7 years, respec- 
tively, with no other evident glandular imbalance 
and with normal hypophyseal fossae. 

There has been some controversy (1) as to whether 
hypofunction or hyperfunction of the pineal gland 
may cause precocious puberty. Precocious puberty 
has been found accompanying certain teratomas of 
the pineal gland (2). It would seem logical that if the 
pineal is capable of influencing secondary sexual de- 
velopment abnormally, it would be due to hyper- 
function. 

Between the seminiferous tubules of the testes, in 
the loose connective tissue supporting them, there are 
clumps of cells known as interstitial cells or cells of 


e ONADAL HYPERFUNCTION may be divided into 
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Leydig, also spoken of as the interstitial glands. These 
interstitial cells are the source of the internal secre- 
tion, testosterone, which is responsible for the de- 
velopment of the male secondary sex characteristics 
and sexual instinct. Normally, these cells do not func- 
tion sufficiently to cause secondary sexual develop- 
ment until the time of puberty when they are 
stimulated to activity by the anterior pituitary 
gonadotropic hormone. Interstitial cells are much 
more sparse in the testes of children than in adults. 
Stewart (3) states ‘In old individuals, especially if the 
seminiferous tubules are atrophic, the interstitial cells 
may be notably increased. An increase in their num- 
ber has frequently been observed in atrophic testes, 
especially in undescended testes; the seminiferous 
tubules are atrophic and the interstitial cells are 
prominent. Apparently the interstitial cells may in- 
crease when for any reason the seminiferous tubules 
fail to develop or become atrophic; but such hyper- 
plasia does not occur in cases of orchitis with de- 
struction of the tubules from inflammatory over- 
growth of the intertubular connective tissue.’ 

Interstitial cell tumors cause less apparent disturb- 
ance in adults than in children because the secondary 
sexual characteristics are developed, but the tumors 
have the same histological picture. 

Interstitial cell tumors in adults have been de- 
scribed by Kaufman (4), Stoppato (5), and Villata (6). 

Sacchi ('7) reported pubertas precox in a boy 9 
years of age who had an alveolar carcinoma of the left 
testis. Stewart, Bell and Roehlke (3) reported the 
case of a 5-year-old child who had an interstitial-cell 
tumor of the right testis with the sexual phenomena 
characteristic for puberty. 

Rowlands and Nicholson (8) published the report 
of a boy who, at the age of 6 years, began to show 
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progressive evidences of precocious sexual develop- 
ment. At the age of 9 years the left testis, which was 
enlarged, was removed and an interstitial cell tumor 
was proved microscopically. 


CASE REPORT 


Our patient, when first observed, was 6 years and 9 
months of age. He was a first child, born at full term and 
the delivery was normal. His weight at birth was 8.75 


Fig. 1. Patient, aged 6 
years and g months. Note 
marked secondary sexual, 
skeletal and somatic de- 
velopment. 





pounds. The first teeth erupted at 6 months; he talked 
and walked at one year and was continent at 15 months, all 
of which are within normal developmental limits. He is 
in the second grade at school, learns well, makes good 
grades and his social contact has been normal until re- 
cently. 

About 15 months ago, when he was 5.5 years of age, 
his mother first noticed abnormal hair growth about the 
external genitals, which were larger than normal at that 
time. The external genitals continued to increase in size 
(fig. 1) and he had frequent erections. The hair growth 
about the genitals became more marked and hair began to 
grow in the axillae, on the lips, chin and face. He was 
taller than normal for his age, the bodily configuration 
was heavier and the muscles in general were prominent 
and firm. The facial features became of the late adolescent 
type and during the past month the voice had become 
deeper in tone and had more volume. 
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About two months before observation by one of us 
(A. A. W.) he was found in a garage caressing a 6-year-ol 
girl. This alarmed his mother and caused her to seek ad- 
vice. 

An interesting bit of information was obtained from 
the mother. Since he was two years of age he has smoke: 
as many as 50 cigars without becoming ill. These were 
given to him by people other than his mother who, when 
she knew of it, would forbid his smoking. 

Personal history. He sleeps soundly, his appetite is very 
good and he drinks no coffee or tea. He has had measles 
and mumps; no operations. The father and mother are 
living and well and he is the only child. 

Physical examination. His height is 53.75 inches; the 
normal height for his age is 45 to 48 inches; his weight is 
73.75 pounds, the normal being 42 to 52 pounds. The 
upper measurement is 26.25, the lower 27.5 inches and 
one-half span is 26.25 inches. The hands are very broad 
and the fingers are relatively short. The body is warm 
and the skin has normal moisture. The boy is large and has 
general skeletal development characteristic for a boy from 
10 to 12 years of age. The muscles are overdeveloped for 
his age and are firm. The hair of the scalp is heavy and 
coarse. There is increased hair growth on the upper lip. 

The penis, when flaccid, is 3.75 inches long and 1.5 
inches in diameter, with glans in proportion. The left 
testicle is about 8 mm. in diameter and 1 cm. long. The 
right testicle is the size of a medium-sized olive. Both testi- 
cles show increased firmness. There is marked hair growth 
over the scrotum and pubis. The inguinal and femoral 
lymphatic glands are palpable, moderately enlarged and 
firm. The prostate is palpable, shows moderate develop- 
ment and the consistency is soft. All of the deciduous 
teeth are present, except the two lower central incisors 
which are permanent teeth; they are only partially 
erupted. The thyroid is about normal in size. Examination 
of the lungs and heart is negative; the pulse is 80, the 
blood pressure is 110 mm. Hg systolic and 70 diastolic. 
There is no abdominal dullness over the back, in the lower 
thoracic or upper lumbar regions or in the abdomen which 
might be suggestive of adrenal tumor. The kidneys are not 
palpable. 

Laboratory findings. Blood studies showed Hb., 84 per 
cent; red cells, 4,200,000; white cells, 7150; differential 
count, juvenile 3, stabs 10, segmented 68, lymphocytes, 
20; monocytes, 1 to 2; blood group, 4; results of the Kahn 
test, negative; non-protein nitrogen, 27 mg. per cent; 
blood sugar, 100 mg. per cent; chlorides, 512 mg. per cent; 
diastase 98 units (normal range 80 to 150); calcium 11.1 
mg. per cent; total protein, 7.4 gm. per cent; albumin, 4.8 
gm. per cent; globulin, 2.6 gm. per cent; serum inorganic 
phosphorus 9.6 mg. per cent (normal for children, 4-6); 
phosphates, 5.2 Bodansky units (normal 5 to 12 units); 
cholesterol, 162 mg. per cent. Results of sugar tolerance 
test in mg. per cent: fasting, 72; one hour, 125; 2 hours, 
108; 3 hours, 80; 4 hours, 72. 

The Friedman test of the urine for gonadotropins was 
negative. Basal metabolic rate was —14 and —15 perf 
cent. 

Roentgenograms show markedly advanced bone le- 
velopment. There are no abnormal shadows over the real 
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or adrenal regions and the kidney pelves shadows are nor- 
mal. 

It was suspected that there was a tumor of the right 
testis (Vitt). This gonad was removed Feb. 13, 1942. 

Pathologist’s report. The specimen consisted of a testis 
measuring 2.5 by 1.5 cm. Near one pole could be felt a 
nodule of firmer consistency than the surrounding tissue. 
Section through the long axis of the testis showed this 
firm area to be a yellowish gray tumor, of roughly oval 
shape and measuring 12 mm. in maximum diameter (fig. 
2). The small tumor was situated just beneath the capsule 
of the testis, and protruded inward in such a fashion as to 
displace a considerable portion of the testicular tissue. 
The tumor nodule was quite circumscribed and appeared 
sharply separable from the testicular tissue. 

Microscopically, the tumor consisted of rather dense 
masses and columns of cells separated by a thin, scanty 
connective tissue stroma. In some areas thin elongated 
columns of cells formed the predominant arrangement, and 
produced an appearance suggestive of the columns of the 
adrenal cortex. In other areas there were small rounded, 
oval, or irregular groups of cells separated by the thin 
stroma. The individual cells were of oval or polyhedral 
shape, usually with prominent cell boundaries and 
abundant faintly eosinophilic granular cytoplasm. The nu- 
clei were oval, slightly eccentric, and often contained a 
single prominent nucleolus. The cells were all similar, 
showing but little variation in size, shape or staining prop- 
erties. Some cells were large due to abundant cytoplasm, 
but the nuclei showed no variation, and mitoses were not 
seen. Staining by Sudan III and osmic acid revealed no 
stainable lipoid content of the tumor cells. Near the pe- 
tiphery of the tumor a few atrophic testicular tubules were 
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surrounded by tumor cells but, for the most part, the tu- 
mor was sharply separated from adjacent testicular tissue 
by a thin connective tissue band (fig. 3 and 4). 

The tumor tissue in its microscopic appearance was 
rather strongly reminiscent of the adrenal cortex because 
of the columnar arrangement, which was prominent in 
some areas, and because of the abundant, slightly granu- 
lar cytoplasm of the individual cells. However, the cells 
had a morphology similar to the interstitial cells of the 
testis. The interpretation of the nature and origin of the 


Fig. 2. Tumor of the testis 
removed from patient, aged 
6 years and 9 months. 





-) Speed. 


tumor cells would seem to be that they were either adrenal 
cortical tissue or interstitial cells of the testis. The histo- 
logical appearance was similar to that of the interstitial 
cell tumor of the testis reported by Stewart, Bell and 
Roelhke (3). Through the courtesy of Dr. M. K. Shimken, 
sections of the tumor were compared with those of inter- 
stitial cell tumors of the testis induced in mice by injec- 





Fig. 3. Low power photomicrograph of the tumor of testis. Fig. 4. High power photomicrograph 
of the tumor showing cells resembling interstitial cells, 
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tion of stilbestrol. They were found to be closely similar. 
The weight of evidence suggests that the probable diagno- 
sis is interstitial cell tumor of the testis. 

On June 1, 1942, (3.5 months after operation) an ex- 
amination of the boy showed the facial expression to be 
more child-like, the coarse hair on the upper lip has dis- 
appeared, there is less genital hair growth, the penis is 
about the same length but the glans seems smaller. The 
left testicle has increased in size to that of a medium- 
sized olive and has normal consistency. The voice has not 
returned to normal pitch. His mother states that ‘his ag- 
gressive attitude has changed to gentleness and he wants 
to be around his mother. Formerly he wanted to be with 
adults and did not want to play with children of his own 
age; now he shuns adults and seeks the companionship of 
children.’ 

In the past 8 months he has grown 1.75 inches and his 
weight has increased 5 pounds. 


SUMMARY 


Hypergenitalism was first noticed in a boy at 5.5 
years of age, when the mother found abnormal hair 
growth about the external genitals, which were 
larger than normal at that time. At 6 years, 9 months, 
of age the external genitals were adult in size, there 
was marked genital and pubic hair growth, with 
moderate hair growth on the upper lip, chin, face and 
in the axillae. The voice was deep in tone, and of con- 
siderable volume; the facial features were adolescent 
in type. He was at least 6 inches taller and 20 pounds 
heavier than normal for his age. The muscles were 
overdeveloped and firm. He sought the company of 
adults, and libido had been manifested. Roentgeno- 
grams showed markedly advanced bone development. 
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The right testis, including the tumor, was surgically 
removed. The pathological interpretation is that th: 
tumor was either a), derived from an adrenal rest in th: 
testis, or b), that it was an interstitial cell tumor, th: 
weight of evidence being strongly in favor of th: 
latter. 

Three and one-half months after the operation 
there was evidence of regression of the abnormally 
developed secondary sexual characteristics. 


CONCLUSIONS 


1. A study of this patient suggests strongly that 
the secretion of the interstitial cells of the testis may 
cause development of secondary sexual characteristics 
in the male. 

2. This study also presents further evidence that 
the secretion of the interstitial cells may accelerate 
skeletal and somatic growth and development. 
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Comparative Values of Chori- 
onic Gonadotropic Hormone 
and Testosterone Propionate in 
Treatment of Cryptorchidism 
and Hypogenitalism 





{Treatment of Cryptorchidism] 


Murray B. Gorpon, M.D. Anp 
E:more M. Fietps, M.D. 


From the Juvenile Endocrine Clinic, Department 
0 Pediatrics, Long Island College Hospital and 
Long Island College of Medicine, Brooklyn, N. Y. 


results obtained by the administration of chori- 

onic gonadotropic hormone alone or in alter- 
nation with male sex hormone in twenty-five boys 
and one adult with cryptorchidism and hypogenital- 
ism. The cases are subdivided as a), those of crypt- 
orchidism in which chorionic gonadotropic hormone 
alone was administered; b), those with cryptorchid- 
ism in which male sex hormone was administered in 
alternation with chorionic gonadotropic hormone, 
either after the unsuccessful use of the latter or with- 
out previous treatment and c), cases of hypogenital- 
ism treated with one or both of the hormones. 

All of the patients were studied in accordance 
with the methods and procedures described in 
previous communications. These include a complete 
physical examination, roentgenographic studies of the 
sella turcica and of the wrists, basal metabolic tests, 
specific dynamic action and blood chemistry studies 
(1). The effect on the cryptorchidism and on the ex- 
ternal genitalia will be discussed in the present re- 
port, while that on the height, growth and bone 
development is considered in a separate communica- 
tion. All cases of cryptorchidism in this series are of 
the true type. Testes of the receding type or those 
which could be forced into the scrotum by either 
manipulation or heat are considered as instances of 
pseudo-cryptorchidism and are not included. 

Group 1. This group consists of 18 boys with 
cryptorchidism, ranging in age from 5.5 to 14.5 years. 
The condition occurred in boys who were other- 
wise normal in 7 instances, in 10 boys with adiposo- 
genital dystrophy and in one with adiposogenital 
dystrophy and eunuchoidism. There were 10 cases 
of unilateral involvement and 8 of bilateral; the un- 


T HE PRESENT COMMUNICATION is based upon the 
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descended testis was in the abdomen in 4 of the bi- 
lateral and in 5 of the unilateral cases and in the in- 
guinal canal in the same distribution. The condition 
of the external genitalia was as follows: Normal, 2 
cases, both with unilateral cryptorchidism; under- 
developed, 14 cases (8 with bilateral and 6 with uni- 
lateral cryptorchidism); and overdeveloped, two 
cases, both with unilateral cryptorchidism. 

The treatment in this group consisted of the intra- 
muscular injection of chorionic gonadotropic hormone! 
in doses of from 250 to 500 R.U. twice a week. This 
was changed to an equivalent number of 1.u. after 
the introduction of the latter standard. The dosage 
ranged from a minimum of 3000 to a maximum of 
20,000 I.U., with an average of 8650 1.u. in the suc- 
cessful cases (those with complete descent of the 
testes); and a range of 15,800 to 64,000 1.U. with an 
average of 39,480 1.u. in the unsuccessful cases. The 
duration of treatment varied from 2 to 9.5 months, 
with an average of 4.5 in the successful cases; from 
5 to 22 months in the unsuccessful with an average 
of 12.5 months. Treatment was continuous for about 
3 months, discontinued for one or two months and 
then resumed, if necessary. Supplementary treatment 
was given as indicated; boys with adiposogenital 
dystrophy received an appropriate diet high in pro- 
teins and low in carbohydrates and fats, with ade- 
quate supply of vitamins and oral administration of 
desiccated thyroid and anterior pituitary substances. 

In evaluating the results, a testis was considered 
to be completely descended when it entered into the 
scrotum and remained there. Descent as far as the 
external ring or to the upper border of the scrotum 


1 The chorionic gonadotropic hormones were supplied as a), 
Pregnyl, Roche-Organon, Inc., Nutley, N. J., b), Follutein, 
E. R. Squibb and Son, New Brunswick, N. J., and c), A. P. L. 
Ayerst, McKenna and Harrison, Rouses Point, N. Y. 








532 


was listed as partial descent. In a few instances the 
testis descended into the scrotum and then retracted, 
but eventually remained in the scrotum after further 
treatment. In these cases, the latter date was con- 
sidered as that of complete descent. 

Treatment of cryptorchidism by chorionic gonado- 
tropic hormone in this group resulted in complete 
descent in 45 per cent, partial descent in 33 and none 
in 22 per cent. The response was better in the in- 


TABLE 1. EFFECTS OF CHORIONIC GONADOTROPIC 
HORMONE ON CRYPTORCHIDISM 








Total | Com- Partial | No 















































Types of ; 
Cryptorchidism kn | =. Descent ; Descent 
| | | 
| | No.| % | No, % | No.| % 
WORE pre eas, cea oe pen 5 
Unilateral Boca ee ee 50 | 2 | 20 
Bilateral | 8 | 5 |62.5) 1 12.5] 2 | 35 
Abdominal | 9 | 3 '33.3| 3 [33-3] 3 [33-3 
Inguinal 9 | 5-| 56] 3 | 33 | rj 1 
Total | 8 | 8 |4s| 6 | 33| 4 | 2 
Associated conditions | 
A. Normal boys 
unilateral BSS, 6-10) 3.160) 3 1-40 
bilateral 2 1 }90) 2 4gorl of .0 
| ——S————— — 
| 7 | [14] 4 | 57| 2 | 29 
B. Boys with adiposo- | 
genital dystrophy and | 
unilateral eae 3 173 | 1 | ag] oj} 0 
bilateral Bes 4 166.6) 0 | o | 2 [33.3 
eunuchoidism and uni- | 
lateral Pee | o'}:0 | 2 |208}) 0:} 0 
| 1 | 7 | 64] 2 | 38 2 | 18 








guinal type of cryptorchidism. Irrespective of loca- 
tion, better results were obtained in bilateral than in 
unilateral involvement, as gauged by the incidence 
of complete descent. Partial descent, however, re- 
sulted more frequently in the unilateral type. 

Total failure was observed in two cases of unilat- 
eral cryptorchidism in normal boys with a definite 
history of mechanical obstruction due to previous 
operations, and in two instances of bilateral crypt- 
orchidism with adiposogenital dystrophy. 

This is too smalla series upon which to base defi- 
nite conclusions, but a comparison between the re- 
sults in the apparently normal boys and in those with 
adiposogenital dystrophy supports our contention 
that supplementary treatment is necessary and is 
beneficial in the endocrine type of cryptorchidism. 
Complete descent was obtained in the boys with 
adiposogenital dystrophy in 64 per cent, partial 
descent in 18 per cent and a failure of descent in 18 
_per cent of the cases. Complete descent occurred in 
14 per cent, partial in 57 per cent and none in 29 per 
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cent in the normal boys. If we exclude the two cases 
of failure due to mechanical causes, in which medica] 
treatment could never be of benefit, the percentage of 
complete descent in the normal group is still lower 
(40 per cent) than in the endocrine group. 

The best response to treatment with chorionic 
gonadotropic hormone was obtained in the g to 17- 
year age group, excluding the isolated case of a 
5.5-year-old boy. 

Group 2. This group consists of 6 patients with 
cryptorchidism, 5 from 9 to 15 years of age and one 
adult of 30 years. The boys had had previous treat- 
ment with various preparations of chorionic gonado- 
tropic hormone; 3 of them had been treated in 
tensively by us. There were 3 instances of bilateral 
abdominal cryptorchidism and 3 with unilateral in- 
guinal involvement. Three of the boys had had an 
initial adiposogenital dystrophy which had improved 
under treatment, 2 were normal boys and the adult 
presented the obese type of eunuchodism with uni- 
lateral cryptorchidism. 

Testosterone propionate” was administered twice a 
week in strengths of 5 to 10 mg. and further dosage 
was adjusted to the individual requirements and re- 
sponse. An increase to 25 mg. twice a week was con- 
sidered necessary in 3 of the older boys. The adult 
received 25 mg. 3 times a week from the beginning 
of treatment. Testosterone propionate was continued 
for 4 to 8 weeks and then discontinued and chorionic 
gonadotropic hormone administered from 1 to 3 
months. This alternation was adhered to for the en- 
tire period of treatment except for intervals lasting 
from several weeks to several months. 

The dose of the chorionic gonadotropin averaged 
12,425 R.U. The duration of treatment varied from 2 
to 9 months with an average of 5.5. The adult re 
ceived a total of 1750 mg. of testosterone propionate, 
as a result of which partial descent occurred; 5000 
1.u. of chorionic gonadotropic hormone produced 
complete descent. None of the boys showed any re- 
sponse in the descent of the cryptorchid. A partial 
response was observed in the adult after 3 months of 
administration of testosterone propionate, as evi’ 
denced by a descent of an abdominal cryptorchiid 
into the lower third of the inguinal canal and into the 
upper part of the scrotum, but with retraction. Ad- 
ministration of 1000 1.U. of chorionic. gonadotropic 
hormone twice a week was followed by ultimate 
descent into the scrotum. 

Group 3. There were 20 patients with underde- 
veloped genitalia. Three of these were boys who pre’ 
sented a clinical picture of adiposogenital dystrophy 
and eunuchoidism. One was a boy of 10 years and 11 








2 The testosterone propionate was supplied by Roche-Orgar on, 
Inc., Nutley, N. J., as Neo-Hombreol, and as Oreton by Schering 
Corp., Bloomfield, N. J. 
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months with primary eunuchoidism and giantism, 
one was an adult, 30 years of age, who showed the 
obese type of eunuchoidism and unilateral cryptor- 
chidism; 15 were boys with various grades of hypo- 
genitalism. The penis ranged in size from that of in- 
f.ntile to somewhat less than normal for the age. The 
scrotum varied from a flat scrotum with no pouch to 
one of fairly normal size and appearance. The testes 
were descended in 5 cases and undescended in 15; 
in the former cases practically all of the testes were 
stialler than normal but none was atrophied. The 
three components of the external genitalia, penis, 
scrotum and testes, showed the same tendency to 
underdevelopment, but in a number of instances the 
scrotum was normal and the testes hypoplastic, and 
vice versa. 

Chorionic gonadotropic hormone was adminis- 
tered to 19 boys and in alternation with testosterone 
propionate to 10 patients. In the cases with associated 
cryptorchidism, treatment was continued after 
descent of the testes had been obtained in order to 
further stimulate the testicular function. 

The effects of treatment upon hypogenitalism and 
hypogonadism were evidenced by increase in the size 
of the external genitalia, appearance of secondary sex 
characteristics and by psychological changes. The 
younger boys showed a favorable response in the 
size of the penis, scrotum and descended testes and 
at times by the premature appearance of pubic hair 
and turgescence of the scrotum. In the older boys 
there ensued the development of pubic, axillary, and, 
later, of facial hair, deepening of the voice, enlarge- 
ment of the penis, testes and scrotum, turgescence 
of the scrotum, occasional priapism and nocturnal 
emissions. The effects on the size of the penis, 
scrotum and testes were not always parallel, that is, 
for example, growth of the penis was not always 

TABLE 2. ErrecTs OF ALTERNATING ADMINISTRATION 


OF CHORIONIC GONADOTROPIC HORMONE 
ON CRYPTORCHIDISM 

















Age Total Complete Partial | No 
Group Number Descent | Descent | Descent 
Boys 5 | ° | ° | 5 
Adult I I | | 





accompanied by enlargement of the scrotum and 
testes. In practically every one of the older boys with 
bilateral cryptorchidism in whom treatment was un- 
successful, there was enlargement of the phallus and 
scrotum, and the appearance of pubic hair, in spite 
of nondescent of the testes. Acne appeared in a few 
boys. A more aggressive attitude in general, and an 
awakening interest in girls were noted in some of the 
older boys. The eunuchoid adult in addition to the 
changes described above, experienced libido and a 
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change in his psychological attitude. In the boys with 
adiposogenital dystrophy there was a marked change 
in body contour with a reversion to the male type of 
build with a loss of adiposity in general, especially 
in the mammary, abdominal and trochanteric regions. 

The successive treatment with testosterone pro- 
pionate and chorionic gondaotropic hormone was 
more effective in correcting genital hypoplasia and 
developing secondary sex characteristics than chori- 
onic gonadotropic hormone alone. Of those patients 


TaBLe 3. Errect OF TREATMENT OF CRYPTORCHIDISM 
AT DIFFERENT AGES 

















| 
Age Group, a Complete | Partial | No 
Years a Descent | Descent | Descent 
No.| % | No.| % | | % 
5.5 I 1 | 100 | | | No. 
8 to 9. 5 r | 20 } 2 40 eg 
9 to 11 7 4 | 57 | 3 | 4.1 5 | fe) 
Il to 14.5 5 a ey ry sm 20 








treated with the latter, the penis attained normal pro- 
portions and appearance in 8 cases; it became slightly 
overdeveloped in 2 and remained underdeveloped in 
g. The use of combined treatment in the latter 9 pa- 
tients was followed by an increase in size and develop- 
ment of the penis in 3 cases, the development of 
normal proportions in 5 and persistent underdevelop- 
ment in one. The testes in all of the successful cases 
were normal or slightly enlarged and never atrophied. 

The average dosage of the chorionic gonadotropin 
for the group was 21,788 R.u. over a period of 9.5 
months; that of testosterone propionate was 320 
mg. over 4.5 months. 


DISCUSSION 


Cryptorchidism is being treated currently either 
by endocrine therapy or by surgical procedure or by 
combination of both. The endocrine agents which are 
being used are chorionic gonadotropic hormone from 
pregnancy urine, chorionic gonadotropic hormone 
from pregnant mare serum, gonadotropic hormone 
from the anterior pituitary lobe and synthetic male 
sex hormone, testosterone propionate. 

Our studies confirm those of others that chorionic 
gonadotropic hormone from pregnancy urine is the 
most efficient type of therapy, but the degree of ef- 
ficiency is still a debatable subject. Successful out- 
come, that is, complete descent of the testes into the 
scrotum, is obtained, on the average, in from 30 to 50 
per cent of the cases, ranging from enthusiastic 
reports of 73 per cent (2-5) to pessimistic results of 20 
per cent (6). Our present results of 45 per cent suc- 
cess is midway between these figures. None of the 
usual arguments against the higher figures is applica- 
ble in our study, as we meticulously excluded all in- 
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stances of possible pseudocryptorchidism. All cases 
in which the testis was at the external ring or at the 
upper border of the scrotum at the completion of the 
study were considered as instances of partial descent. 

No definite statement can be made as to the num- 
ber of units of chorionic gonadotropin required, but 
the initial dosage should not be less than 250 1.u., 2 
to 3 times a week, to be increased to 500 Lu. at 
weekly intervals. In persistent cases, it may be neces- 
sary to increase the dosage to 750 or 1000 I.U. twice 
a week. If descent of the testes is not produced by 500 
I.U. given 2 to 3 times a week over a period of several 
months, nothing is to be gained by giving larger doses 
except for the production of a further increase in the 
size of the external genitalia. 

The results of treatment are more dependent upon 
the dosage than upon the duration, but treatment 
should be continued for at least 6 months, and even 
longer if necessary; it need not be interrupted be- 
cause of formation of anti-hormone since these prob- 
ably are not formed during long-continued treatment. 

The results in this and our former series of study 
in boys with adiposogenital dystrophy, as compared 
with those in the apparently normal group, confirm 
our belief that cryptorchidism in many instances is a 
manifestation of thyroid and pituitary deficiency and 
that supplementary treatment is necessary and bene- 
ficial in this type (7). In hypothyroidism we recom- 
mend the additional administration of desiccated 
thyroid substance, and in adiposogenital dystrophy, 
desiccated thyroid and anterior pituitary substances 
orally and a fat-reducing diet. 

Treatment may be effective at any age from 5 to 
14 years. Spontaneous descent may occur in some un- 
complicated cases between the ages of 10 to 16, but 
it is not desirable to postpone treatment until puberty 
in the hope that this will take place. 

Failure of treatment may be due to mechanical 
obstruction, treatment instituted at too early an age, 
insufficient amount of gonadotropic hormone and 
continued endocrine imbalance. 

Surgery is indicated in every case which has re- 
sisted hormonal treatment and in which failure is due 
to mechanical factors. No boy should be subjected to 
surgical intervention unless and until he has had in- 
tensive treatment with chorionic gonadotropic hor- 
mone by injection for at least 6 months. This therapy 
is beneficial even in cases due to mechanical obstruc- 
tion as it produces an increase in the size of the testes, 
inguinal canal and scrotum and prepares the field for 
operation. 

On the other hand, no boy who has failed to re- 
spond to medical treatment should be permitted to 
continue to adult life without correcting the crypt- 
orchidism by operative means. 

Irrespective of the surgical method employed, 


MURRAY B. GORDON AND ELMORE M. FIELDS 
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every operation for cryptorchidism should be pre- 
ceded by treatment with gonadotropic hormone for 
no less than 6 months and this should be followed by 
endocrine treatment for another month or two. This 
procedure prepares the field prior to operation and 
later tends to prevent recession. 

The literature on the effect of testosterone pro- 
pionate upon cryptorchidism is scanty. Zelson and 
Steinitz (8) reviewed all the available reports from 
1936 to 1938 and found that the injection of male sex 
hormone alone produced complete descent in 23.4 
per cent of the cases of cryptorchidism and partial 
descent in 27.6 per cent. Cases of bilateral involve- 
ment were more amenable to treatment than were 
unilateral. They reported, in addition, complete 
descent in 15 per cent, and partial descent in 45 per 
cent of 17 boys treated by them. The dosage of 
testosterone propionate ranged from 5 to 10 my. 
twice a week for a period of 4 to 10 weeks, with a 
total dosage of 60 to 180 mg. Four of the boys, in 
whom no descent had occurred, were then given a 
combination of testosterone propionate (5 mg.) and 
chorionic gonadotropic hormone (500 R.u.) 3 times a 
week for 3 to 6 weeks. Complete descent was ob- 
tained in two of these cases. 

In a second report in 1940, Zelson and Steinitz (9) 
observed in 17 patients who were given a combina- 
tion of testosterone propionate (5 mg.) and chorionic 
gonadotropic hormone (500 R.U.) that complete 
descent was obtained in 53 per cent at the end of 3 
to 12 weeks of treatment. Four of these boys had been 
treated with both hormones alone or successively, 
without any effect. On the basis of their findings, they 
conclude that combined treatment with testosterone 
propionate and chorionic gonadotropic hormone is 
superior to that of either hormone alone or to suc’ 
cessive treatment with both. 

Sexton (10) reported complete descent within 16 
to 20 weeks in 47 per cent of boys from 3 to 15 years 
of age, after treatment with chorionic gonadotropic 
hormone. At a subsequent date, he then administered 
testosterone propionate alone to 9 of these boys in 
dosages ranging from 5 to 75 mg. a week for periods 
of from 7 to 36 weeks. He observed _no further descent 
of the cryptorchid in any of the patients. Turner (11) 
also has reported unsuccessful results in cryptorchid- 
ism with testosterone propionate administered alone 
or subsequent to therapy with chorionic gonadotropic 
hormone in 3 patients, one a 77-year-old boy and 2 


eunuchoid adults. Our results confirm those of Sex | 


ton and Turner, in that we did not observe any 
effect on the undescended testes in 5 boys. We did, 
however, obtain partial descent in a eunuchoid 
adult. 

Caution is necessary in the treatment with tes 
tosterone propionate, either alone or with chorionic 
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gonadotropic hormone. The former should not be ad- 
ministered to boys under g or 10 years of age. Pro- 
longed treatment should not be advised except in 
cases of primary eunuchoidism, but small main- 
tenance doses may be given for comparatively short 
intervals in milder grades of hypogonadism, perhaps 
in eryptorchidism and in selected cases of short 
stature. An average dose of 10 mg. twice a week for 
1 to 3 months is sufficient to produce the desired 
therapeutic response without any untoward effects 
in most instances of hypogenitalism. These effects, 
consisting of excessive growth of the penis, premature 
appearance of secondary sex characteristics, priapism, 
emissions and stimulated sex interest, may be pro- 
duced in a small number of cases but they can be con- 
trolled by adjustment of the dose to the individual 
needs of the patient. Some authors report premature 
closure of the epiphyses and impairment of growth 
but we have not observed either of these in our 
present series. 

Treatment for cryptorchidism with chorionic 
gonadotropin should be instituted between the ages 
of 5 to 9 years and should not be delayed until after 
puberty in the hope of spontaneous descent. 


SUMMARY AND CONCLUSIONS 


Chorionic gonadotropic hormone was administered 
to 18 boys with true cryptorchidism with the follow- 
ing results. Complete descent occurred in 45 per cent; 
partial descent, 33 per cent and no descent in 22 per 
cent. Better response was obtained in the cases of 
bilateral and in the inguinal types of cryptorchidism. 

Boys with adiposogenital dystrophy were given 
supplementary treatment of desiccated thyroid and 
anterior pituitary substances and a diet high in pro- 
tein and low in fats and carbohydrates. Better results 
were obtained in this type of boy than in the appar- 
ently normal boy. 

Testosterone propionate was administered subse- 
quent to and in alternation with therapy with chori- 


August, 1942 HORMONE TREATMENT OF CRYPTORCHIDISM AND HYPOGONADISM 





535 


onic gonadotropic hormone to 5 boys with cryptor- 
chidism and to one adult with unilateral cryptorchid- 
ism associated with the obese type of eunuchoidism. 
Three of these boys had had previous treatment with 
chorionic hormone without success. The alternating 
administration of both hormones did not produce any 
further descent of the testes in the boys. Testosterone 
propionate produced a partial descent of an abdomi- 
nal cryptorchid in the eunuchoid adult and subse- 
quent administration of chorionic gonadotropic hor- 
mone was followed by complete descent. 

Chorionic gonadotropic hormone was given to 19 
boys with hypogenitalism, in alternation with tes- 
tosterone propionate to 9 boys in whom the first 
type of treatment was unsuccessful, and to one eu- 
nuchoid adult who had not received previous treat- 
ment. 

We conclude that the administration of chorionic 
gonadotropic hormone is more effective in producing 
complete descent of undescended testes than is 
testosterone propionate alone, or in alternation with 
chorionic gonadotropin. Supplementary treatment is 
necessary and beneficial in the cryptorchid boy with 
an associated adiposogenital dystrophy or hypothy- 
roidism. 

Testosterone propionate alone or in alternation 
with chorionic gonadotropic hormone is more effec- 
tive than the latter in the treatment of hypogenital- 
ism. 
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EDITORIALS 


ENDOCRINOLOGY AND 
PSYCHOSOMATIC MEDICINE 


cine a strong trend toward the recognition of the 

part played by psychological factors in the causa- 
tion of physical symptoms. Equally important is the rela- 
tionship of physical factors in the genesis of ‘psychological’ 
disorders. So intimately related are the two categories of 
causes and of effects that their separation amounts, in prin- 
ciple, to a falsification of the issue—a recourse to dogmatic 
artificiality. In modern psychological and psychiatric cir- 
cles the differentiation of psyche and soma has come to 
be recognized as a gratuitous over-simplification that can- 
not do justice to the essential facts. A sick man is a sick 
man whether his illness arises primarily in structural de- 
fects or in his life experiences. It is less than scientific to 
confine attention to either the somatic or the psychological 
facet of the total individual. The physician is doing less 
than his full duty to the patient when he fails to give his 
attention to the real etiology, whatever it may be, and to 
utilize appropriate therapeutic agencies of any legitimate 
sort whether drugs, hormones, physical therapy, re-educa- 


a HERE IS NOW apparent in the field of clinical medi- 






tion, or what not. Often a skilful combination of two or 
more therapeutic modalities leads to results better than 
can be obtained by any single method of treatment. 

Endocrinologists, as a group, have tended to be some- 
what reluctant to follow the leadership of sophisticated 
internists toward the goals of psychosomatic medicine. 
But perhaps the time has now come to give more attention 
to the man that has the glands rather than merely to the 
glands themselves and to the bodily effects of their per- 
turbations. 

Elsewhere in this issue appears an article by Ruben- 
stein in which the eclectic approach is exemplified. A group 
of boys suffering from retarded genital development were 
studied with regard to the psychotraumatic results of their 
infirmity. Not only was androgen therapy prescribed but 
attempts were made to remove the scars of the personality 
by appropriate re-educational psychotherapy. 

The field of endocrinology offers many opportunities 
for further studies of psychodynamics. In such studies 
the technical resources of trained psychologists are often 
needed for penetrating approaches to the problems but at 
this juncture even the elementary aspects of the subject 


offer possibilities for productive instigation. 
R.G.H. 
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COMMUNICATIONS 
TO THE EDITORS 


To THE Eprtor: 

Sir: It has come to my attention that there is now con- 
siderable confusion regarding the strength of ““Hytakerol” 
which is the only source of Dihydrotachysterol available 
in this country. The matter is a rather important one since 
ail the work on this product in this country, including 
several papers of my own, have been carried out on the 
assumption that there were 5 mg. per 1 cc. instead of 1.25 
mg., as seems to be the case. 

Futter ALBRIGHT. 


This letter was submitted to the Winthrop Chemical 
Company and the following was received. 


To THe Epitor: 

Thank you for calling to our attention the enclosed let- 
ter from Dr. Fuller Albright regarding an apparent dis- 
crepancy in labels of Hytakerol (our brand of dihydro- 
tachysterol) of old and recent manufacture. Formerly 
the labels of Hytakerol in Oil bore the statement that 1 
cc. contains 5 mg. of dihydrotachysterol, whereas on the 
revised labels it is stated that 1 cc. contains the equivalent 
of 1.25 mg. of crystalline dihydrotachysterol. 

Although we greatly regret that the new labeling bas 
been confusing, there has been no qualitative or quanti- 
tative change in the composition of the product. There- 
fore, the dosage expressed in terms of a number of drops 
or of cubic centimeters is unaltered, but references to 
dihydrotachysterol by weight (i.e., in milligrams) require 
proportionate adjustment. 


When Hytakerol in Oil was first made available for 
clinical use, it was honestly believed by chemists well 
versed in the mysteries of the sterols that the active con- 
stituent contained only dihydrotachysterol with virtually 
no admixture of other sterols. As a result of painstaking 
experiments in the course of years, dihydrotachysterol in 
pure crystalline form was recently isolated in minute 
amounts. Careful comparative studies then led to the 
conclusion that our preparation of dihydrotachysterol 
contains other relatively inert sterols formed during the 
process of irradiation. 

The accompanying sterols of dihydrotachysterol are 
relatively inert from the standpoint of influencing the 
blood calcium level. They might be removed, but only 
with great difficulty and at prohibitive cost. Because of 
this, there has been no change in the product, but only 
in the labeling. 

The situation with reference to Hytakerol is not unique 
nor anomalous. For example, Viosterol in Oil contains 
irradiated ergosterol (standardized in terms of vitamin D 
units determined by biologic test), which is actually a 
mixture of sterols. On the other hand, Drisdol (our crystal- 
line vitamin D.) is a pure principle, produced at consider- 
ably higher—though not prohibitive—cost. 


Winturop CuHemicaAt Company Inc. 
E. J. Foley, M.D. 


170 Varick St., 
New York City 
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PARATHYROID 


AnperseENn, D. H. Ann R. R. ScHLESINGER. 


Renal hyperparathyroidism with calcification of the 
arteries in infancy. Am. J. Dis. Child. 63: 101. 1942. 


Renal hyrerparathyroidism is rare in infants. Two cases 
are described in infants aged 6 and 4 weeks in whom the 
outstanding symptoms were tetany, twitchings and con- 
vulsions. 

High phosphorus and non-protein nitrogen and acidosis 
were associated with low serum calcium in one and with 
normal content in the other child. The renal insufficiency 
was not apparent at first and was manifested chiefly by 
consistently low specific gravity of urine. The appearance 
of calcified arteries in roentgenograms stimulated further 
investigation of the urinary tract and discovery of con- 
genital anomalies. The osseous lesions were never con- 
spicuous. The essential postmortem findings in both cases 
were: severe renal anomaly, parathyroid hypertrophy, 
metastatic calcification of middle-sized arteries throughout 
the body and osseous lesions similar to those found in 
osteitis fibrosa. The differences between the picture in 
infancy, childhood, adolescence and adult life are de- 
scribed.—M.B.G. 


THYROID 


LerMAN, JAcos and H. D. Sressins. 


The pituitary type of myxedema. Further observations. 
J. Am. Med. Assoc. 119: 391. 1942. 


The authors report an additional case of pituitary type 
of myxedema which when confirmed at autopsy was 
proven similar to the original case described by J. H. 
Means. Laboratory procedures indicated gonadal and ad- 
renocortical hypofunction and absence of gonadotropic 
and diabetogenic substances of the pituitary.—C.P. 


Poncuer, H. G., I. P. Bronstein, H. W. Wane anp J. C. 
RICEWASSER. 


Creatine metabolism in hypothyroid infants and chil- 
dren; further observations. Am. J. Dis. Child. 63: 270. 
1942. 

Determinations of the urinary output of creatine may 
serve as a valuable aid in the diagnosis of hypothyroidism, 
especially in infants and in older children when initial 
cholesterol levels are within normal limits and the osseous 
development is normal. At present biochemical and meta- 
bolic tests are not sufficient in themselves for the diag- 
nosis of hypothyroidism or for the regulation of the dosage 
of thyroid. 


J. T. LEWIS, JCSEPH M. LOONEY, A. E. MEYER, C. A. PFEIFFER, BORIS B. RUBENSTEIN, EMMERICH VON HAAM. 
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The authors present a comprehensive discussion of t'ie 
subject and describe the findings in six patients —M.B.G. 


PANCREAS 


Wacner, R., P. Wuire anp I. K. Bocan. 
Diabetic dwarfism. Am. J. Dis. Child. 63: 667. 1942. 


From a comparison of 200 diabetics with 159 non-dia- 
betic children, the following conclusions are drawn: 

1. While over height is characteristic of juvenile dia- 
betes, stunting of growth occurs in 5 to 10% of diabetic 
children. 

2. The weight-height relationship is normal in diabetic 
children except in some girls who have a specific form of 
obesity. 

3. The onset of the sexual development of the average 
diabetic child with normal height and weight tends to 
occur precociously but sexual development does not 
progress at the normal rate. Retardation of sexual develop- 
ment is present in nearly all retarded diabetic children 
and disturbance in the appearance of secondary sex char- 
acteristics is more frequent than in non-diabetic children. 

4. Dental caries is less frequent in diabetic than in non- 
diabetic children, but pyorrhea is more frequent. 

5. Enlargment of the liver is common in diabetic chil- 
dren and adolescents. 

6. Dwarfism. The diabetic child is most susceptible to 
retardation in growth from the twelfth to sixteenth year 
of life and from the second to sixth year of diabetes. Re- 
tardation in most girls has an earlier onset than in boys. 
Sexual development is delayed in every patient with 
dwarfism at the time of maximal retardation in height. 
The onset of retardation in growth in most cases occurs 
during the period of sexual development. Retardation of 
bone development is generally present. Arteriosclerosis, 
general and in the eye, is found in 47% and in 28%, re- 
spectively, of retarded diabetic children. 

The incidence of the various etiological groups, accord 
ing to the authors’ classification of diabetic dwarfism is 
as follows: hypopituitary-like dwarfism, 50%; transitory 
infantilism, 27%; constitutional type, 12%; undernutti 
tion, 2.5%; congenital anomalies, 2%; neglect, 1% and 
tertiary syphilis, 1%. 

The best therapeutic results are obtained by the in 
jection of anterior pituitary extract containing the growth 
hormone, 3 cc. every second day with thyroid substance, 
1 to 3 grains a day by mouth. The highest insulin over 
body weight quotients were found in the children tree ted 
with anterior pituitary extract and then in the thyroid 
treated group.—M.B.G. 
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